


















Analytical Procedures 
 

66 
 

 
Figure 13.  Organochlorine insecticides by GC/ECD 

 

 

 

Figure 14.  Modern insecticides by GC/ECD 
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6.5.9.1. Calibration and quantitative determination using a quadratic equation 

A four-point calibration curve is used to establish the response of the detector. The calibration curve 
is prepared using a non-linear calibration equation of the form: 

 2
210 xbxbbY ++=  (1) 

where: 

 x = amount of the target compound (µg) in the calibration standards 
 b0, b1, y b2 = coefficients of the quadratic equation. If the quadratic fit is forced through 

zero, b0 is defined as zero 
 Y = modified area ratio (described in equation 2) representing the ratio of the 

area of the analyte (Aa) to the area of the surrogate standard (Asu) times the 
amount (µg) of the surrogate standard (Csu): 
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where: 

 Aa = area of the analyte 
 Asu = area of the surrogate standard 
 Csu = amount (µg) of the surrogate standard 

For the gas chromatographic peaks that have met the qualitative identification criterion discussed 
earlier (see 6.5.3.1.), a solution to this quadratic equation, to produce the amount of each target 
analyte in µg µL-1 in the extract, is: 
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To determine the analyte concentration in the sample, multiply the analyte extract concentration by 
106, and then divide by the extracted sample mass or volume. This factor, 106, is used to adjust the 
result for the extract volume (usually 1000 µL) and to convert micrograms to nanograms, yielding a 
concentration result expressed in ng g-1 or ng L-1, respectively. 

 

6.5.9.2. Calibration and quantitative determination using an exponential equation 

As an alternative to the quadratic equation, the following exponential equation can be used: 

 

 Y = A XB (4) 

where: 

 Y = concentration ratio between Ca and Csu (see equation 5) 
 X = area ration between Aa and Asu (see equation 5) 
 A = slope of the regression equation 
 B = polynomial coefficient for the line fit 

This equation can then be expressed as: 
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where: 

 Ca = concentration of the analyte to be measured (ng mL-1) 
 Csu = the concentration of the surrogate standard used in the calculation of the 

concentration of target analytes (ng mL-1) 
 Aa = area for the analyte to be measured 
 Asu = area for the surrogate standard used in the calculation of the concentration 

of target analytes 

Since Ca and Csu refer to the concentration of the analyte and surrogate standard in the same extract 
volume, they can be substituted for their amounts. Re-arranging the equation and dividing both terms 
by the sample mass, it is possible to determine the analyte concentration in the sample as ng g-1 or   
ng L-1: 
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where: 

 A = slope of the regression equation 
 B = polynomial coefficient for the line fit 
 Aa = area for the analyte to be measured 
 Asu = area for the surrogate standard used in the calculation of the concentration 

of target analytes 
 Amountsu = amount of surrogate (ng) added to the sample before extraction 
 Sz = sample size in grams or liters 

 

6.5.9.3. Dilution of sample extracts 

If the concentration in the final extract of any of the target compounds exceeds the concentration in 
the highest calibration solution, the sample extract must be diluted and reanalyzed after a new 
addition of surrogate standards. The analyte concentration in the diluted extract is recalculated using 
the new surrogate amount, multiplied by the appropriate dilution factor and adjusted by the surrogate 
recovery of the original sample. 

 

Dilution of a sample extract – A step by step guide 

• Before diluting a sample extract be sure that its original volumen, disregarding the volumen injected 
into the gas chromatograph (i.e., 1 ó 2 µL), is exactly 1.0 mL. 

• Depending on the requiered dilution, transfer an exact volumen of the original sample extract into a 
new vial. For example, if the sample needs to be diluted 10 times, take exactly 0.100 mL which will 
be diluted to approximately 1.0 mL (see table below). 

• Add 0.100 mL of the surrogate standard spike solution. 

• Bring the volume to aproximately 1 mL with hexane or similar and return to the instrumental 
laboratory for reinjection and analysis. 
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• The diluted extract should be analyzed to determine only the concentrations of those target analytes 
that showed concentrations outside the calibration range of the instrument. 

Required 
dilution 

Volume of the 
original extract 

Surrogate standard 
spike solution 

Solvent(2) Final 
volumen(2) 

5x 0.200 mL 0.100 mL ~ 0.70 mL ~ 1 mL 
10x 0.100 mL 0.100 mL ~ 0.80 mL ~ 1 mL 
20x 0.050 mL(1) 0.100 mL ~ 0.85 mL ~ 1 mL 
50x 0.020 mL(1) 0.100 mL ~ 0.90 mL ~ 1 mL 
100x 0.010 mL(1) 0.100 mL ~ 0.90 mL ~ 1 mL 
500x 0.002 mL(1) 0.100 mL ~ 0.90 mL ~ 1 mL 

(1) It is advisably to produce an intermediate dilution. 
(2) Since surrogate standard are used to determine the concentrations of target analytes, it is not 

necesary to bring the final volume to exactly 1.0 mL (see 6.5.9) 

 

6.5.9.4. Manual calculation check 

The concentrations of selected analytes, determined by one of the two methods given in the preceding 
sections, are routinely confirmed by independent manual calculations. Randomly selected sample 
analyte concentrations are confirmed using either Eq. 3 or Eq. 6 on a spreadsheet template (Excel or 
similar) and compared to the reported value. Both concentrations should agree well except for 
rounding errors. An example of the manual calculation is shown below. 

 

Example of manual calculation check – A step by step guide 
The following is information from the laboratory logbook and the computer printout of the gas chromatograph. 
The calculations include generic names for the target analyte and surrogate and internal standards. 
 
 Sample ID: .................................................................................F99999 
 Sample weight: ...........................................................................5.211 g 
 Amount of surrogate added: .......................................................90.8 ng 
 Final volume: .............................................................................1.0 mL 
 Concentration of the surrogate standard: ....................................0.0000908 mg mL-1 
 Calibration Coefficients: 
 b0 = 0.0 b1 = 0.4814 b2 = -205.9 
 Area of surrogate standard: ........................................................228.95 
 Area of analyte “A” ....................................................................24.211 
 Reported value: ..........................................................................3.863 ng g-1 

Using equation (3) above: 
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Calculation of analyte “A” 
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The relative percent difference (RPD) between the result given by the instrument software and the concentration 
calculated manually should be negligible. This indicates that both concentrations are the same except for 
rounding errors. 
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6.5.10. Sample analysis - QA/QC Parameters 

6.5.10.1. Surrogate standard recovery 

The recoveries of the surrogate standards in the sample extracts are calculated comparing the relative 
response of the surrogate standard to the internal standard in each sample to the average of those 
observed in the calibration solutions. The laboratory will take appropriate corrective action whenever 
the recovery of any surrogates is less than 40% or greater than 120%, as described in Table 13 
(Surrogate Recovery). 

 

6.5.10.2. Relative percent difference 

The analyte concentrations measured in the original and duplicate samples must be comparable to 
certify sample homogeneity and precision of the analysis (see 6.5.4.5.). If the RPD is outside the QC 
acceptance criteria, corrective actions are necessary. 
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where: 

 Cmo = concentration measured in the original sample 
 Cmd = concentration measured in the duplicate sample 
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6.5.10.3. Recovery of target compounds in spiked samples and standard reference materials 

 

Acceptable recoveries of spiked or certified target analytes are an indication of a good laboratory 
practice. Calculate and report the percent recovery of target compounds in the matrix spike (MS) and 
matrix spike duplicate (MSD), and, if analyzed, in the laboratory blank spike/laboratory blank spike 
duplicate (LBS/ LBSD) samples using the following equation: 

 100 *
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where: 

 Css = measured concentration of analyte in the spiked sample 
 Cos = measured concentration of analyte in the original sample 
 Ss = spike sample size in grams or liters 
 So = original sample size in grams or liters 
 Asa = amount of spiked analyte 

Note that Cos for a LBS/LBSD is zero by definition. The laboratory takes appropriate corrective 
action whenever the recovery of any target analyte is less than 40% or greater than 120%, as 
described in Table 13 for blanks and matrix spikes. 

If a standard reference material is analyzed with the samples, calculate and report the concentrations 
of target analytes and verify that recoveries are within the certified range for 80% of target analytes 
having concentrations that are, at least, 10 x MDL (see Table 13). 

 

6.5.11. Gas chromatograph maintenance 

These are a few simple steps that help to keep the gas chromatograph and the electron capture 
detector in good working conditions: 

• The syringe is cleaned by rinsing with appropriate solvent after each injection. This can 
be done manually or, if available, mechanically by a programmeable autosampler. 

• The injection of sample extracts with significan amounts of chlorinated solvents (e.g., 
methylene chloride) o sulfur (e.g., extracts of anoxic soils/sediments or rotten eggs) is 
avoided. 

• A new septum is installed as needed after a number of injections, depending on the 
condition and quality of the siringe, to avoid fluctuations on the retention times. 

• A new injection port liner is installed as needed after a number of injections or as soon as 
degradation of the more labile analytes is noted. It is recommended that a new port liner 
is installed, even before reaching the action level of 15% degradation, if conditions 
deteriorate rapidly. 

• A new injection port base plate is installed as needed. This is generally done together 
with a replacement of the port liner to minimize degradation of target analytes or tailing 
of the peaks. 

• If after replacing the port liner and port base plate, there is still significant tailing of the 
peaks; one to two feet of the analytical column (injector end) are removed. 
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• The tanks of carrier (He) and make-up (Argon/Methane) gases are replaced when the 
pressure falls below 500 psi to avoid contaminating the gas chromatograph (column and 
detector). 

• All instrument maintenance, including changes of gas tanks, is recorded in the 
maintenance log for the specific instrument. 

 

6.5.12. Documentation 

When sample extracts are transferred to the instrumental laboratory for analysis, the analyst receives a 
folder with complete information from the wet laboratory, including a copy of the pages of the 
logbook documenting the extraction process, problems, comments, and, if any, accidents that might 
compromise the analysis. All documentation related to the analitical request and name of the 
responsible person for the project (e.g., Principal Investigator) is included in this folder. 

All injections and the original analytical run sequences are recorded on a computer printout kept on 
file at the instrument. Any modification of the run sequence is maintained in the analytical folder with 
the original sequence and the final analysis files. All information on the instrument calibration is 
included in the analytical folder. For all analytical and laboratory Quality Control samples, the 
analytical documentation is printed and included in the analytical folder. The compiled data report 
includes Relative Percent Difference (RPD) between duplicate analyses or MS/MSD recoveries, and 
percent recovery of analytes in MS/MSD and/or LBS/LBSD QC samples 

 

6.5.13. Reporting 

Data are routinely reported to three places after the decimal point as ng g-1 dry weight (e.g., 
soil/sediment, biota) or as ng L-1 (e.g., water). 

 

6.6. Quantitative determination of carbamate insecticides by high performance liquid 
chromatography 

6.6.1. Introduction 

Carbamate insecticides are quantitatively determined by high performance liquid chormatography 
(HPLC) associated to a fluorescence detector. This is a very sensitive technique able to determine 
these compounds at trace levels in water, soil/sediment and biota sample extracts after the appropriate 
extraction and purification procedures. Analytical efforts relevant to this study include the 
determination of the following target carbamate insecticides: 

 

Carbamate insecticides Carbaryl Carbofuran Oxamyl 

 

6.6.2. Detection limits 

The analytical method detection limit can be determined following the procedures outlined in 40CFR, 
Part 136; Appendix B; 198-199, (1984) as described in section 6.5 (Detection limits). As mentioned, 
the lower calibration level, adjusted by the sample weight or volume extracted may be used instead. 

 



 

73 

6.6.3. Analytical quality control 

The analytical quality control requirements for quantitative analysis are discussed in section 6.5 
(Analytical quality control). 

 

6.6.4. Criteria for QC samples in an analytical batch 

The acceptance criteria for QC samples are evaluated within an analytical group (QC batch or 
extraction batch) are discussed in section 6.5 (Criteria for QC samples in an analytical batch). 

 

6.6.5. Apparatus and materials 

6.6.5.1. High performance liquid chormatograph/fluorescence detector 

The high performance liquid chromatograph (HPLC) must be a robust, high performance system able 
to generate accurate, precise, and reproducible data with the sensitivity and resolution appropriate for 
the analysis of carbamate insecticides. It is important to use a column of dimensions and packing 
material adequate for the analysis (e.g., dimethyloctadecyl/silica, 150 mm length x 3.9 mm of internal 
diameter or similar). It is advantageous to have an autsampler attached to the HPLC to attain 
maximum analytical flexibility. The chromatographic conditions for the analysis of carbamate 
insecticides are as follows: 

 

 Column: ................................................ 3,9 x 150 mm 
 Packing: ................................................ dimethyloctadecyl/silica 
 Movil phase flow: ................................. 1.5 mL min-1 
 Column temperature: ............................ 25°C 
 Injection volume: .................................. 300 µL 
 Oven temperature: ................................ 80°C 
 He flow: ................................................ 30 mL min-1 
 Mobile phase: ....................................... HPLC water/methanol/acetonitrile (gradient) 
   Phase A: ................................... HPLC water 
   Phase B: ................................... metanol 
   Phase C: ................................... acetonitrile 
 Run time: .............................................. 30 min 
 Fluorescence detector: 
  Emission: ....................................... 445 nm 
  Excitation: ...................................... 339 nm 
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Gradient: 

Time Flow 

mL min-1 

Phase A 

% 

Phase B 

% 

Phase C 

% 

0 1.5 88 12 0 

4.0 1.5 88 12 0 

4.1 1.5 68 16 16 

16.1 1.5 30 35 35 

35 1.5 88 12 0 

60 1.5 88 12 0 

75 1.0 0 100 0 

96 1.0 0 100 0 

130 0 0 100 0 

 

These conditions can be modified as needed by the analyst to improve the chromatographic profile. 

 

6.6.5.2. Analytical standards 

The criteria for the preparation of standards are summarized in section 6.5 (Apparatus and materials, 
Analytical standards) and with greater details in section 6.8 (Calibration, data analysis and 
calculations). Note that, whenever possible, it is convenient to purchase certified solutions to diluted, 
if necessary, prior to use. 

 

6.6.5.3. Target analyte spike solution 

As discussed earlier (see 6.5.5.4.) a target analyte spike solution solution, made by weighing the 
appropriate amounts of pure compounds of all or selected target analytes, is used to spike the blank 
spike and matrix spike samples. The amount of spike can be adjusted as needed to meet the 
requirements of the sample being prepared for analysis. The spike solution does not contain surrogate 
or internal standards. 

 

6.6.6. Calibration of the high performance liquid chromatograph 

The calibration of the high performande liquid chromatograph associated to a florescence detector for 
the analysis of carbamate insecticides is done following one of the two procedures indicated in 
section 6.5 (see 6.5.3.2.). 

 

6.6.7. Sample analysis 

Actual samples and QA samples (e.g., blanks, matrix spikes, SRM) are analyzed as one analytical 
sequence together with the calibration mixtures under the conditions discussed in section 6.5 
(Analytical quality control, Calibration of the gas chromatograph). Before an analytical sequence is 
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initiated, a solvent blank is injected into the analytical system to confirm that it is free of interfering 
contaminants. Sample extract injections of ~300 µL are then made with an autosampling device. 

 

6.6.8. Qualitative identification of target analytes 

For a chromatographic peak to be identified as a target compound, it must meet the criterion specified 
in section 6.5 (Analytical quality control, Qualitative identification of target analytes). 

 

6.6.9. Quantitative determination of target analytes 

The concentration of target analytes is determined based upon the response factor of the analyte in the 
calibration standards. In general, the instrument software generates and prints out calibration data for 
each instrument; however, it is important to understand these procedures to manually verify some of 
the data generated by the software as an additional quality control of the final results (see 6.5.9.). 

 

6.6.9.1. Dilution of sample extracts 

If the concentration in the final extract of any of the target compounds exceeds the concentration in 
the highest calibration solution, the sample extract must be diluted by an appropriate dilution factor 
and reanalyzed. 

 

6.6.9.2. Manual Calculation Check 

The concentrations of selected analytes, determined by the software of the instrument are routinely 
confirmed by independent manual calculations. Randomly selected sample analyte concentrations are 
confirmed using a spreadsheet template (Excel or similar) and compared to the reported value. Except 
for rounding errors, the concentrations must agree well. 

 

6.6.10. Sample analysis - QA/QC Parameters 

6.6.10.1. Relative percent difference 

The analyte concentrations measured in the original and duplicate samples must be comparable to 
certify sample homogeneity and precision of the analysis (see 6.5.4.5. and 6.5.10.2.). 

 

6.6.10.2. Recovery of target compounds in spiked samples and standard reference materials 

Acceptable recoveries of spiked or certified target analytes are an indication of a good laboratory 
practice (see 6.5.10.3.). 

 

6.6.11. High performance liquid chromatograph maintenance 

All maintenance performed on the high performance liquid chromatograph or its detector, including 
solvent changes, is recorded in a dedicated logbook. 
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6.6.12. Documentation 

When sample extracts are transferred to the instrumental laboratory for analysis, the analyst receives a 
folder with complete information from the wet laboratory as discussed in section 6.5 (Documentation) 

 

6.6.13. Reporting 

Data are routinely reported to three places after the decimal point as ng g-1 dry weight (e.g., 
soil/sediment, biota) or as ng L-1 (e.g., water). 

 

6.7. Determination of triazine herbicides by gas chromatography/mass spectrometry 

6.7.1. Introduction 

Triazine herbicides can be determined, at trace concentrations (e.g., ng g-1), by gas chromatography 
associated with a mass spectrometer detector (GC/MS) after appropriate extraction and cleanup 
procedures. The method described in the following sections is applicable to the quantitative analysis 
of the following target analytes in extracts obtained from water, soil/sediment, and tissue samples: 

 

Triazine herbicides Ametryn 
Atraton 
Atrazine 
Prometon 

Prometryn 
Propazine 
Secbumeton 
Simetryn 

Simazine 
Terbuthylazine 
Terbutryn 

 

6.7.2. Detection limits 

The analytical method detection limit (MDL) for target analytes can be determined following the 
procedures outlined in 40CFR, Part 136; Appendix B; 198-199, (1984) as described in section 6.5 
(Detection limits). As mentioned, the lower calibration level, adjusted by the sample weight or 
volume extracted may be used as MDL. 

 

6.7.3. Analytical quality control  

The analytical quality control requirements for quantitative analysis are summarized in section 6.5 
(Analytical quality control). For the qualitative identification of an analyte it is important to note that, 
in addition to the requirement for the retention time of the peak to be within ± 4 seconds of the 
average retention time for the authentic compound found in the calibration standards, the retention 
times of the analyte and corresponding ions their must be within ±2 second window. 

 

6.7.4. Criteria for QC samples in an analytical batch 

The acceptance criteria for QC samples within an analytical group (QC batch or extraction batch) are 
discussed in section 6.5 (Criteria for QC samples in an analytical batch). 
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6.7.5. Apparatus and materials 

6.7.5.1. Gas chromatograph/Mass spectrometer 

The gas chromatograph must possess a "split/splitless" injector and the ability to use a capillary 
column, in an oven with programmable temperature, associated with a mass spectrometer. The most 
commonly used capillary column for the analysis of organic pollutants is a 30 m length x 0.25 mm 
internal diameter and 0.25 µm DB-5 film. It is advisable to have an automatic injector capable of 
making 1 to 4 µL injections. The programme used for the analysis of herbicides triazinas by gas 
chromatography associated with a mass spectrometry is as follows: 

 

 Injector temperature: ........................................... 300°C 
 Oven temperatura programme: 
  Initial temperature: ................................. 120°C held for 0 min 
  1st ramp rate ............................................ 5°C min-1 
  1st ramp final temperature ....................... 140oC held for 0 min 
  2nd ramp rate ........................................... 1.5°C min-1 
  2nd ramp final temperature ...................... 200°C held for 0 min 
  3rd ramp rate ............................................ 25°C min-1 
  3rd ramp final temperature ...................... 300°C held for 2 min 
 Carrier gas ........................................................... Helium at ~1.0 mL min-1 
 Total run time ...................................................... 50 min 

 

The GC oven temperature programme as well as flow of carrier gas may be modified to 
improve resolution. 

 
6.7.5.2. Analytical standards 

The criteria for the preparation of standards are summarized in section 6.5 (Apparatus and materials, 
Analytical standards) and with greater details in section 6.8 (Calibration, data analysis and 
calculations). 

 

6.7.6. Calibration of the gas chromatograph 

The calibration of the gas chromatograph associated to a mass spectrometer detector for the analysis 
of triazine herbicides is done following one of the two procedures indicated earlier (see 6.5.3.2.). 

 

6.7.7. Sample analysis 

Actual samples and QA samples (e.g., blanks, matrix spikes, SRM) are analyzed as one analytical 
sequence together with the calibration mixtures under the conditions discussed in section 6.5 
(Analytical quality control, Calibration of the gas chromatograph). Before an analytical sequence is 
initiated, 1 or 2 µL of hexane is injected into the analytical system to confirm that it is free of 
interfering contaminants. Sample extract injections of 1 to 4 µL are then made with an autosampling 
device. 
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6.7.8. Qualitative identification of target analytes 

For a chromatographic peak to be identified as a target compound, it must meet the criteria specified 
in section 6.5 (Analytical quality control, Qualitative identification of target analytes) 

In addition, the determination of multiple individual ions (e.g., primary ion and 1 or 2 confirmation 
ions), presenting an appropriate response with negligible interference, must comply with the 
following quality criteria: 

• The characteristic masses of each target compound must maximize in the same scan or 
within one scan of each other. 

• The relative peak heights (intensities) of the primary ion compared to the confirmation 
(or secondary) ion mass for a target compound should fall within ±20 percent of the 
relative intensities of these masses in a mass spectrum  obtained from a reference 
standard of that target compound with the same GC/MS. 

Figure 14 shows the order elución and relative responses of triazine herbicides as well as recovery 
and internal standards; the concentration of each analyte is 100 ng mL-1. The quantification and 
confirmation ions monitored for each analyte are indicated in Table 15. 

 

 
Figure 15. GC/MS chromatogram of triazine herbicides 
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6.7.9. Quantitative determination of target analytes 

The concentration of target analytes is determined based upon the response factor of the analyte in the 
calibration standards. In general, the instrument software generates and prints out calibration data for 
each instrument; however, it is important to understand these procedures to manually verify some of 
the data generated by the software as an additional quality control of the final results (see 6.5.9.). 

 

Table 14. Quantitation and confirmation ions for the analysis of triazine herbicides by GC/MS 

Analyte Quantitation ion Confirmation ion 

TCMX (Internal standard) 209 244 

Atraton 196 211 

Simazine 201 186 

Prometon 210 225 

Atrazine 200 215 

Propazine 214 229 

Terbuthylazine 214 229 

Secbumeton 196 225 

Simetryn 213 170 

Ametryn 227 170 

Prometryn 241 226 

Terbutryn 226 241 

PCB 103 (Surrogate standard) 324 326 

 

6.7.9.1. Dilution of sample extracts 

If the concentration in the final extract of any of the target compounds exceeds the concentration in 
the highest calibration solution, the sample extract must be diluted and reanalyzed after a new 
addition of surrogate standards (see 6.5.9.3.). 

 

6.7.9.2. Manual Calculation Check 

The concentrations of selected analytes, determined by the software of the instrument are routinely 
confirmed by independent manual calculations. Randomly selected sample analyte concentrations are 
confirmed using a spreadsheet template (Excel or similar) and compared to the reported value. Except 
for rounding errors, the concentrations must agree well. 
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6.7.10. Sample analysis - QA/QC Parameters 

6.7.10.1. Surrogate Recovery 

The percent recovery of the surrogate standards in the sample extract are calculated using the ratio of 
the response (area) of the internal standard added to the final extract just prior to instrumental 
analyses to the response (area) for the surrogate. The laboratory will take appropriate corrective 
action whenever the recovery of any surrogates is outside expected range. (see 6.5.10.1.). 

 

6.7.10.2. Relative percent difference 

The analyte concentrations measured in the original and duplicate samples must be comparable to 
certify sample homogeneity and precision of the analysis (see 6.5.4.5. and 6.5.10.2.). 

 

6.7.10.3. Recovery of target compounds in spiked samples and standard reference materials 

Acceptable recoveries of spiked or certified target analytes are an indication of a good laboratory 
practice (see 6.5.10.3.). 

 

6.7.11. Gas chromatograph and mass spectrometer maintenace 

There are a few simple steps that help to keep the gas chromatograph and the mass spectrometer 
detector in good working conditions: See section 6.5.11. for helpful suggestions to keep the gas 
chromatograph in good working conditions: 

• Keep a clean syringe 

• Maintain the septum in good conditions 

• Insert a new injection port liner as needed 

• Replace the injection port base plate as needed 

• Remove one to two feet of the analytical column if needed 

• Replace gas tanks once the pressure falls below 500 psi 

Mass spectrometer maintenance: 

• The source assembly is cleaned and replaced as necessary 

• The emission filament is replaced as necessary 

• The rotary pump oil is changed yearly or more frequently if indicated. 

• The transfer line/re-entrant assembly is disassembled, cleaned or repaired and 
reassembled as necessary. 

• All instrument maintenance, including changes of gas tanks, is recorded in the 
maintenance log for the specific instrument. 

 

6.7.12. Documentation 

When sample extracts are transferred to the instrumental laboratory for analysis, the analyst receives a 
folder with complete information from the wet laboratory as discussed in section 6.5 
(Documentation). 
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6.7.13. Reporting 

Data are routinely reported to three places after the decimal point as ng g-1 dry weight (e.g., 
soil/sediment, biota) or as ng L-1 (e.g., water). 

 

6.8. Calibration, data analysis and calculations 

6.8.1. Preparation of spiking solutions (surrogate and internal standards and target analytes) 

During the training course held in Costa Rica, the participants were given ampoules of target analytes 
and internal and surrogate standards to prepare calibration solutions. Note that these ampoules 
generally contain an amount of liquid slightly larger than the volume indicated; therefore, the analyst 
should always measure the volume needed. For convenience, the same surrogate and internal 
standards are used in the analysis of all target analytes by gas chromatography associated to either an 
electron capture detector (chlorinated insecticides and a mix of modern 
insecticides/fungicides/herbicides) or mass spectrometer (triazine herbicides). The spiking solutions 
of target analytes are mixed and prepared according to their analysis. 

Note that the solutions prepared in the following sections are used to prepare the calibration solutions 
discussed in section 6.8.2. The concentrations of surrogate and internal standards in the final sample 
extract volumes are the same as those in levels 1-5 of the calibration solutions. Similarly, the 
concentrations of target analytes in the final spike sample extracts are the same as those in levels 3 of 
the calibration solutions. 

 

6.8.1.1. Surrogate standards 

4,4' dibromooctafluorbiphenyl (DBOFB) 
2,2’,4,5’,6-pentachlorobiphenyl (PCB 103) 

(Individual ampoules; concentration of each analyte is 100 µg mL-1) 

Surrogate standards are added to all regular and quality control (e.g., blank, spike blank, duplicate, 
matrix spike, matrix spike duplicate, and certified reference material) samples before they are 
processed in the laboratory. The use of surrogate standards in the calculation of analyte 
concentrations allows compensation for losses occurred in the laboratory. Calculations are 
independent of the final sample extract volume or the volume of extract injected into the gas 
chromatograph. 

• Preparation 

One hundred (100) mL of the surrogate standard mix solution are prepared by 1:100 dilutions of 
the stock solutions provided. A pre-rinsed 100 mL class A volumetric flask should be filled with 
about 50 mL of hexane prior to adding the individual compound solutions. Exactly 1.000 mL of 
each stock solution is added to the volumetric flask and the final volume is brought up to 100 mL 
with hexane. The final concentration of each surrogate standard is 1,000 ng mL-1. 
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• Use 

One hundred microliters (100µL or 0.100mL) of the spike surrogate standard solution are added 
to all samples in the analytical batch before extraction. After all laboratory procedures (e.g., 
extraction, purification, concentration) and before the instrumental analysis, the sample extract 
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volume is adjusted to approximately 1 mL; thus, the final concentration of each surrogate 
standard is 100 ng mL-1. 

[ ] 1-1-)mL (ng mL ng 100  
mL 1

mL 0.100* mL ng 1,000   standard Surrogate 1- =⎟
⎠
⎞

⎜
⎝
⎛=  

 

6.8.1.2. Internal standard 

2,4,5,6-tetrachloro-meta-xylene (TCMX) 

(Individual ampoule; concentration is 2,000 µg mL-1) 

The internal standard is added to all regular and quality control (e.g., blank, spike blank, duplicate, 
matrix spike, matrix spike duplicate, and certified reference material) sample extracts before the 
instrumental analysis. The use of an internal standard provides information reagarding the magnitude 
of the losses occurred in the laboratory independently of the final sample extract volume or the 
volume of it injected into the gas chromatograph. 

• Preparation 

One hundred (100) mL of the internal standard solution are prepared by 1:2,000 dilution of the 
stock solution provided. A pre-rinsed 100 mL class A volumetric flask should be filled with about 
50 mL of hexane prior to adding the individual compound solution. Exactly 0.050 mL of the 
stock solution are added to the volumetric flask and the final volume is brought up to 100 mL 
with hexane. The final concentration of the internal standard is 1,000 ng mL-1. 
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• Use 

One hundred microliters (100µL or 0.100mL) of the spike internal standard solution are added to 
all samples in the analytical batch after all laboratory procedures (e.g., extraction, purification, 
concentration). Before the instrumental analysis the sample extract volume is adjusted to 
approximately 1 mL; thus, the final concentration of the internal standard is 100 ng mL-1. 
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6.8.1.3. Target analyte spike solutions 

These solutions are used to spike those samples intended to estimate accuracy of the analytical 
method without (blank spike) and with (matrix spike) the presence of the matrix. Comparisons of the 
recoveries in the blank spike/blank spike duplicate and matrix spike/matrix spike duplicate are used to 
estimate the analytical precision of the method. 
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6.8.1.4. Organochlorine insecticide spike solution 

Aldrin 4,4'-DDT Endrin ketone 
alpha-HCH Dieldrin Heptachlor 
beta-HCH Endosulfan I Heptachlor epoxide 
delta-HCH Endosulfan II Methoxychlor 
gamma-HCH Endosulfan Sulfate alpha-Chlordane 
4,4'-DDD Endrin gamma-Chlordane 
4,4'-DDE Endrin Aldehyde 

(A mix solution of target analytes; individual concentration is 1000 µg mL-1) 

• Preparation 

Two hundred and fifty (250) mL of the organochlorine insecticide spike solution are prepared by 
1:2,500 dilution of the stock solution provided (i.e., mix of organochlorine insecticides @ 1,000 
µg mL-1 each compound). A pre-rinsed 250 mL class A volumetric flask should be filled with 
about 150 mL of hexane prior to adding the organochlorine insecticide stock solution. Exactly 
0.100 mL of the stock solution is added to the volumetric flask and the final volume is brought up 
to 250 mL with hexane. The final concentration of each surrogate standard is 400 ng mL-1. 
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• Use 

One hundred microliters (100µL or 0.100mL) of the organochlorine insecticide spike solution are 
added to all spike samples (e.g., blank spike, blank spike duplicate, matrix spike, and matrix spike 
duplicate) in the analytical batch before extraction. After all laboratory procedures (e.g., 
extraction, purification, concentration) and before the instrumental analysis, the sample extract 
volume is adjusted to approximately 1 mL; thus, the final concentration of each organochlorine 
insecticide is 40 ng mL-1. 
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6.8.1.5. Modern insecticide, fungicide, and herbicide spike solution 

Chlorothalonil Chlorpyrifos Diazinon 
Diuron Fenamiphos Parathion-methyl 
Permethrin Bromacil 

(Individual ampoules; concentration of each analyte is 100 µg mL-1, except for Diuron @ 1000 µg 
mL-1) 

• Preparation 

Two hundred and fifty (250) mL of the modern insecticide, fungicide, and herbicide spike 
solution are prepared by 1:250 (1:2,500 for Diuron) dilutions of the stock solutions provided. A 
pre-rinsed 250 mL class A volumetric flask should be filled with about 150 mL of hexane prior to 
adding the modern insecticide, fungicide, and herbicide stock solutions. Exactly 1.000 mL (0.100 
mL for Diuron) of each stock solution is added to the volumetric flask and the final volume is 
brought up to 250 mL with hexane. The final concentration of each modern insecticide, fungicide, 
and herbicide is 400 ng mL-1. 
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or: 
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• Use 

One hundred microliters (100µL or 0.100mL) of the modern insecticide, fungicide, and herbicide spike 
solution are added to all spike samples (e.g., blank spike, blank spike duplicate, matrix spike, and matrix 
spike duplicate) in the analytical batch before extraction. After all laboratory procedures (e.g., extraction, 
purification, concentration) and before the instrumental analysis, the sample extract volume is adjusted to 
approximately 1 mL; thus, the final concentration of each organochlorine insecticide is 40 ng mL-1. 
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6.8.1.6. Triazine herbicide spike solution 

Ametryn Atraton Atrazine 
Prometon Prometryn Propazine 
Secbumeton Simetryn Simazine 
Terbuthylazine Terbutryn 

(A mix solution of target analytes; concentration of each analyte is 100 µg mL-1) 

• Preparation 

Two hundred and fifty (250) mL of the triazine herbicide spike solution are prepared by 1:250 
dilution of the stock solution provided. A pre-rinsed 250 mL class A volumetric flask should be 
filled with about 150 mL of hexane prior to adding the triazine herbicide stock solutions. Exactly 
1.000 mL of the stock solution is added to the volumetric flask and the final volume is brought up 
to 250 mL with hexane. The final concentration of each triazine herbicide is 400 ng mL-1. 
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• Use 

Two hundred microliters (200µL or 0.200mL) of the triazine herbicide spike solution are added to 
all spike samples (e.g., blank spike, blank spike duplicate, matrix spike, and matrix spike 
duplicate) in the analytical batch before extraction. After all laboratory procedures (e.g., 
extraction, purification, concentration) and before the instrumental analysis, the sample extract 
volume is adjusted to approximately 1 mL; thus, the final concentration of each triazine herbicide 
is 80 ng mL-1. 
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6.8.1.7. Carbamate insecticide spike solution 

Carbaryl Carbofuran Oxamyl 

(Individual ampoules; concentration of each analyte is 100 µg mL-1) 

• Preparation 

Twenty five (25) mL of the carbamate insecticide spike solution are prepared by 1:25 dilutions of 
the stock solutions provided (individual compound solutions @ 100 µg mL-1 each). A pre-rinsed 
25 mL class A volumetric flask should be filled with about 10 mL of hexane prior to adding the 
carbamate insecticide stock solutions. Exactly 1.000 mL of each stock solution is added to the 
volumetric flask and the final volume is brought up to 25 mL with hexane. The final 
concentration of each carbamate insecticide is 4,000 ng mL-1. 
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• Use 

Two hundred microliters (200µL or 0.200mL) of the carbamate insecticide spike solution are 
added to all spike samples (e.g., blank spike, blank spike duplicate, matrix spike, and matrix spike 
duplicate) in the analytical batch before extraction. After all laboratory procedures (e.g., 
extraction, purification, concentration) and before the instrumental analysis, the sample extract 
volume is adjusted to approximately 1 mL; thus, the final concentration of each triazine herbicide 
is 800 ng mL-1. 
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6.8.2. Calibration Solutions 

It is important that an experimented analyst be responsible for the preparation of these solutions, with 
the corresponding internal and surrogate standards, for the analysis of target analytes (Table 1) by gas 
chromatography associated to different detectors or high performance liquid chromatography 
(HPLC). 

Note that, in all cases, calibration solution, level 3, is prepared in a larger volume as this solution is 
used to control the calibration of the instrument as needed. 

 

6.8.2.1. Organochlorine insecticides 

The volumes of the relevant solutions prepared above (i.e., organochlorine insecticide spike solution, 
surrogate and internal standard solutions) and a non-chlorinated solvent (e.g., hexane) to prepare 
calibration solutions at five different concentration levels are suggested in the following table. 
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Calibration 

Solution 
Volume of 

target analyte 
solution (a) 

(@ 400 ng mL-1) 

Volume of surrogate 
standard solution (b) 

 
(@ 1.000 ng mL-1) 

Volume of internal 
standard solution (c) 

 
(@ 1.000 ng mL-1) 

Volume of 
solvent 

 
(mL) 

Final volume 
 
 

(mL) 
Level 1 0.125 1.000 1.000 7.880 10.000 
Level 2 0.500 1.000 1.000 7.500 10.000 
Level 3 5.000 5.000 5.000 35.000 50.000 
Level 4 2.000 1.000 1.000 6.000 10.000 
Level 5 5.000 1.000 1.000 3.000 10.000 

(a) Use the solution prepared in seccion 6.8.1 (see Organochlorine insecticide spike solution) 
(b) Use the solution prepared in seccion 6.8.1 (see Surrogate standards) 
(c) Use the solution prepared in seccion 6.8.1 (see Internal standard) 

 

Final concentrations of target analytes, surrogate and intenal standards in each calibration solution are 
as follow: 

 
Calibration 

Solution 
Concentration of each target 

analyte 
(ng mL-1) 

Concentration of each surrogate 
standard 
(ng mL-1) 

Concentration of the internal 
standard 
(ng mL-1) 

Level 1 5 100 100 
Level 2 20 100 100 
Level 3 40 100 100 
Level 4 80 100 100 
Level 5 200 100 100 

 

6.8.2.2. Modern insecticides/fungicides/herbicides 

The volumes of each of the relevant solutions prepared above (i.e., modern insecticide, fungicide, and 
herbicide spike solution, surrogate and internal standard solutions) and a non-chlorinated solvent 
(e.g., hexane) to prepare calibration solutions at five different concentration levels are suggested in 
the following table. 

 
Calibration 

Solution 
Volume of 

target analyte 
solution (a) 

(@ 400 ng mL-1) 

Volume of surrogate 
standard solution (b) 

 
(@ 1.000 ng mL-1) 

Volume of internal 
standard solution (c) 

 
(@ 1.000 ng mL-1) 

Volume of 
solvent 

 
(mL) 

Final volume 
 
 

(mL) 
Level 1 0.125 1.000 1.000 7.880 10.000 
Level 2 0.500 1.000 1.000 7.500 10.000 
Level 3 5.000 5.000 5.000 35.000 50.000 
Level 4 2.000 1.000 1.000 6.000 10.000 
Level 5 5.000 1.000 1.000 3.000 10.000 

(a) Use the solution prepared in seccion 6.8.1 (see Modern insecticide, fungicide, and herbicide spike solution) 
(b) Use the solution prepared in seccion 6.8.1 (see Surrogate Standards) 
(c) Use the solution prepared in seccion 6.8.1 (see Internal Standard) 

 

Final concentrations of target analytes, surrogate and intenal standards in each calibration solution are 
as follow: 
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Calibration 

Solution 
Concentration of each target 

analyte 
(ng mL-1) 

Concentration of each surrogate 
standard 
(ng mL-1) 

Concentration of the internal 
standard 
(ng mL-1) 

Level 1 5 100 100 
Level 2 20 100 100 
Level 3 40 100 100 
Level 4 80 100 100 
Level 5 200 100 100 

 

6.8.2.3. Triazine herbicides 

The volumes of each of the relevant solutions prepared above (i.e., triazine herbicide spike solution, 
surrogate and internal standard solutions) and a non-chlorinated solvent (e.g., hexane) to prepare 
calibration solutions at five different concentration levels are suggested in the following table. Note 
that simazine and atrazine have a low solubility in hexane; therefore, if a more concentrated solution 
is desired, the solvent to use is acetone. 

 

Calibration 
Solution 

Volume of 
target analyte 

solution (a) 
(@ 400 ng mL-1) 

Volume of surrogate 
standard solution (b) 

 
(@ 1.000 ng mL-1) 

Volume of internal 
standard solution (c) 

 
(@ 1.000 ng mL-1) 

Volume of 
solvent 

 
(mL) 

Final volume 
 
 

(mL) 
Level 1 0.250 1.000 1.000 7.750 10.000 
Level 2 1.000 1.000 1.000 7.000 10.000 
Level 3 10.000 5.000 5.000 30.000 50.000 
Level 4 4.000 1.000 1.000 4.000 10.000 
Level 5 8.000 1.000 1.000 0.000 10.000 

(a) Use the solution prepared in seccion 6.8.1 (see Triazine herbicide spike solution) 
(b) Use the solution prepared in seccion 6.8.1 (see Surrogate standards) 
(c) Use the solution prepared in seccion 6.8.1 (see Internal standard) 

 

Final concentrations of target analytes, surrogate and intenal standards in each calibration solution are 
as follow: 

 
Calibration 

Solution 
Concentration of each target 

analyte 
(ng mL-1) 

Concentration of each surrogate 
standard 
(ng mL-1) 

Concentration of the internal 
standard 
(ng mL-1) 

Level 1 10 100 100 
Level 2 40 100 100 
Level 3 80 100 100 
Level 4 160 100 100 
Level 5 320 100 100 

 

6.8.2.4. Carbamate insecticides 

The volumes of the carbamate insecticide spike solution and solvent to prepare calibration solutions 
at five different concentration levels are suggested in the following table. 
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Calibration 

Solution 
Analytes (a) 

 
@ 4,000 ng mL-1 

Volume of solvent 
(mL) 

Final volume 
 

(mL) 
Level 1 0.125 4.875 5.000 
Level 2 0.500 4.500 5.000 
Level 3 5.000 20.000 25.000 
Level 4 2.000 3.000 5.000 
Level 5 5.000 0.000 5.000 

(a) Use the solution prepared in seccion 6.8.1 (see Carbamate insecticide spike solution) 

 

Final concentrations of target analytes in each calibration solution are as follow: 

 
Calibration Solution Concentration of each 

target analyte 
(ng mL-1) 

Level 1 100 
Level 2 400 
Level 3 800 
Level 4 1.600 
Level 5 4.000 

 

6.8.3. Analytical Sequence 

The analytical sequence is designed to ensure that the instrument is in calibration before the analysis 
of the sample extracts and that the calibration is maintained throughout the analytical run. A typical 
analytical sequence includes: 

• Calibration solutions and, if needed (see below) a mid-level calibration standard to 
control that the instrumental maintains its calibration throughout the analytical run. 

• Sample extracts 

The calibration of the instrument can be performed by one of the following methods: 

• Method A: The calibration is performed as part of the analytical run by interspersing the 
calibration standards with actual samples. Routinely 8 or 9 samples are analyzed between 
the interspersed calibration solutions. The calibration curve is then based on these four 
standards.  If the calibration curve has a correlation coeficient of 0.9950 or higher (i.e., R2 
of 0.9900 or higher) for all analytes present in the standards it is accepted. If these QC 
acceptance criteria are not met, the calibration standards as well as all the samples must 
be reanalyzed. 

• Method B: The calibration, based on four standards, is performed before the analytical 
run and the samples are not analyzed until the calibration is acceptable. An acceptable 
calibration curve has a correlation coeficient of 0.9950 or higher (i.e., R2 of 0.9900 or 
higher) for all analytes present in the standards. With this method, the calibration is 
controlled every 12 hours, or less, by injecting a mid-level calibration solution 
(“ConCal”, continuing calibration). This calibration can last for several days, even weeks, 
but must be controlled before a new analytical batch is run and every 12 hours or less 
during the run. 

A typical analytical batch includes 16 samples in addition to the QA/QC samples (e.g., blank, 
duplícate, blank spike, matrix spike, matrix spike in duplícate, and, if available, a certified reference 
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material). According to the calibration method selected, the instrumental analytical sequence can have 
one of the following arrangements: 

 

Method A  Method B 

Orden I.D. Sample  Orden I.D. Sample 
1 W1000 Solvent  1 W1000 Solvent 
2 W1001 Calibration solution, Level 1  2 W1001 Calibration solution, Level 1 
3 Q3645 Blank  3 W1002 Calibration solution, Level 2 
4 Q3646 Spike blank  4 W1003 Calibration solution, Level 4 
5 Q3647 Duplicate sample  5 W1004 Calibration solution, Level 5 
6 Q3648 Matrix spike  6 W1005 Calibr. Sol., Level 3 (control) 
7 Q3649 Matrix spike duplicate  7 Q3645 Blank 
8 Q3650 Certified reference material  8 Q3646 Spike blank 
9 K1518 Sample 1  9 Q3647 Duplicate sample 
10 W1002 Calibration solution, Level 2  10 Q3648 Matrix spike 
11 K1519 Sample 2  11 Q3649 Matrix spike duplicate 
12 K1522 Sample 3  12 Q3650 Certified reference material 
13 K1523 Sample 4  13 K1518 Sample 1 
14 K1525 Muestra 5  14 W1006 Calibr. Sol., Level 3 (control) 
15 K1526 Muestra 6  15 K1519 Sample 2 
16 K1527 Muestra 7  16 K1522 Sample 3 
17 K1540 Sample 8  17 K1523 Sample 4 
18 K1541 Sample 9  18 K1525 Sample 5 
19 W1003 Calibration solution, Level 4  19 K1526 Sample 6 
20 K1542 Sample 10  20 K1527 Sample 7 
21 K1543 Sample 11  21 K1540 Sample 8 
22 K1544 Sample 12  22 K1541 Sample 9 
23 K1545 Sample 13  23 W1007 Calibr. Sol., Level 3 (control) 
24 K1546 Sample 14  24 K1542 Sample 10 
25 K1547 Sample 15   25 K1543 Sample 11 
26 K1548 Sample 16  26 K1544 Sample 12 
27 W1004 Calibration solution, Level 5  27 K1545 Sample 13 
    28 K1546 Sample 14 
    29 K1547 Sample 15  
    30 K1548 Sample 16 
    31 W1008 Calibr. Sol., Level 3 (control) 

 

6.8.4. Calibration and quantitative determination 

This section discusses the calibration of the gas chromatograph and the quantitative determination of 
the concentration of an analyte X, as a generic example, using calibration curves with and without the 
use of a surrogate standard. 

Independently of the method used to calibrate the gas chromatograph a minimum of four-point 
calibration curve is used to establish the response of the detector (see 6.8.3). The information 
obtained has the form: 



Analytical Procedures 
 

90 
 

 

I.S.

S.S.

Analyte X

Conc =  100 100 80 ng mL-1 
Area = 2933 2049 2392

Conc =  100 100 20 ng mL-1 
Area = 2104 1469 442

Conc =  100 100 5 ng mL-1 
Area = 2304 1625 124

Calibration solution – Level 1

Calibration solution – Level 2

Calibration solution – Level 4

Calibration solution – Level 5

Conc =  100 100 200 ng mL-1 
Area = 2500 1800 5200
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6.8.4.1. Calibration curve using the surrogate standard 

 

 ⎟
⎠
⎞

⎜
⎝
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 Area Std. Surr.
Area X Analyte  Area Relative  ⎟

⎠
⎞

⎜
⎝
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Conc. Std. Surr.
Conc. X Analyte  Conc. Relative  

Calibration solution – Level 1 (5200/1800) = 2.8889 (200 ng mL-1/100 ng mL-1) = 2.000 
Calibration solution – Level 2 (2392/2049) = 1.1674 (80 ng mL-1/100 ng mL-1) = 0.800 
Calibration solution – Level 4 (442/1469) = 0.3009 (20 ng mL-1/100 ng mL-1) = 0.200 
Calibration solution – Level 5 (124/1625) = 0.0763 (5 ng mL-1/100 ng mL-1) = 0.050 

 

 
 

The calibration curve is prepared using an equation of, for example, the form: 
BXA Y =  

Where: Y = Relative concentration 
 X = Relative area 
 A = slope of the regression equation 
 B = polynomial coefficient for the line fit 

In the example above, A and B are equal to 0.6811 and 1.016, respectively, with an R2 equal to 
1.0000. 
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Quantitative determination using the surrogate standard - Equations 

BXA   Y =  (1) 

( )BArea Relative *A   Conc. Relative =  (2) 
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6.8.4.2. Calibration curve without using the surrogate standard 

 Analyte X Area Analyte X Concentration 

Calibration solution – Level 1 5200 200 ng mL-1 
Calibration solution – Level 2 2392 80 ng mL-1 
Calibration solution – Level 4 442 20 ng mL-1 
Calibration solution – Level 5 124 5 ng mL-1 
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Using the same equation as in the previous example: 
BXA Y =  

Where: Y = Concentration 
 X = Area 
 A = slope of the regression equation 
 B = polynomial coefficient for the line fit 

 

In this example, A and B are equal to 0.0517 and 0.9591, respectively, with an R2 equal to 0.9958. 

 

Quantitative determination without the surrogate standard - Equations 
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6.8.5. Calculation example 

Consider the following data: 

Example A: 

Sample Matrix = sediment 
Sample Weight = 10.82 grams wet weight 
Sample Weight Percent = 12.9% 
Volume of Surrogate Std. added = 0.100 mL 
[Surrogate Std.] = 1000 ng mL-1 

Final Extract Volume = ~ 1 mL 
Volume of Internal Std. added = 0.100 mL 
[Internal Std.] = 1000 ng mL-1 

Alternatively, the final volume of the sample extract can be concentrated to a smaller volume (e.g., 
approximately 0.5 mL) to increase the instrumental response of the target analytes. In this case, the 
amounts of surrogate and internal standards added to the sample extract are adjusted accordingly to 
produce responses similar to those observed in the chromatograms of the calibration solutions for a 
direct visual comparison: 

Example B: 

Sample Matrix = sediment 
Sample Weight = 10.82 grams wet weight 
Sample Weight Percent = 12.9% 
Volume of Surrogate Std. added = 0.050 mL 
[Surrogate Std.] = 1000 ng mL-1 

Final Extract Volume = ~ 0.5 mL 
Volume of Internal Std. added = 0.050 mL 
[Internal Std.] = 1000 ng mL-1 

or 

Example C: 

Sample Matrix = sediment 
Sample Weight = 10.82 grams wet weight 
Sample Weight Percent = 12.9% 
Volume of Surrogate Std. added = 0.025 mL 
[Surrogate Std.] = 1000 ng mL-1 

Final Extract Volume = ~0.25 mL 
Volume of Internal Std. added = 0.025 mL 
[Internal Std.] = 1000 ng mL-1 

A similar approach can be followed if high concentrations are suspected: 

Example D: 

Sample Matrix = sediment 
Sample Weight = 10.82 grams wet weight 
Sample Weight Percent = 12.9% 
Volume of Surrogate Std. added = 0.500 mL 
[Surrogate Std.] = 1000 ng mL-1 

Final Extract Volume = ~ 5 mL 
Volume of Internal Std. added = 0.500 mL 
[Internal Std.] = 1000 ng mL-1 
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Note that in these examples, the final concentrations of target analytes in the sample are increased 
(example B and C) or decreased (example D) while the levels of surrogate and internal standards do 
not change. As mentioned before, the goal is to maintain the standards instrumental responses in the 
sample extracts similar to those observed in the chromatograms of the calibration solutions for a 
direct visual comparison. 

 

6.8.5.1. Surrogate Recovery 

The percent recovery of the surrogate standard in the sample extract is calculated using the ratio of 
the responses of the surrogate and internal standards. The average ratio in the calibration solutions 
represents a percent recovery equal to 100%. If the additions of the surrogate and internal standards 
are done as indicated (see 6.8.2), the concentrations in the final sample extracts are similar to those in 
the calibration solutions (i.e., 100 ng mL-1 each). These ratios, independently of the final sample 
extract volumes, are compared as shown: 

 

 
Int. Standard 

Area 
(I.S.) 

Surr. Standard 
Area 
(S.S.) 

Ratio 
(Area S.S./Area 

I.S.) 
Calibration Solution - Level 1 2500 1800 0.7200 
Calibration Solution - Level 2 2933 2049 0.6986 
Calibration Solution - Level 4 2104 1469 0.6981 
Calibration Solution - Level 5 2304 1625 0.7053 

Average - - 0.7055 
Example A (vol. = ~1 mL) 3200 2285 0.7141 

Example B (vol. = ~0,5 mL) 3260 2340 0.7178 

 

 101.21%  100 * 
0.7055
0.7141  (%)Recovery  Surrogate ==  (Example A) 

or 

 101.74%  100 * 
0.7055
0.7178  (%)Recovery  Surrogate ==  (Example B) 

 

6.8.5.2. Quantitative determination of analyte “X” concentration using the surrogate standard 

With the information obtained above for the calibration curve using the surrogate standard and the 
situation given in example A, consider the following chromatogram: 
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As shown above, the equation for the calculation of analyte X using the surrgate standard is: 
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Replacing the terms in the equation (8): 
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If the sample extract is spiked with half the amount of surrogate standard and the final volumen 
concentrated to ~ 0.5 mL (example B), the chromatogram results as follows: 

 
Replacing the terms in equation (8): 

[ ] dry weight g ng 85.20  
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Calculation, following the information given in examples C and D, proceeds in similar manner: 

Area = 3200 2285 4046 

I.S. 

S.S. 

Analyte X 

Area = 3260 2340 8012 

I.S. 

S.S 

Analyte X 
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6.8.5.3. Quantitative determination of analyte “X” concentration without surrogate standard 

Without surrogate standard, there is no internal compensation of losses incurred in the laboratory 
during sample processing or difference in the final extract volume; therefore, it is important that the 
final sample extract volume be exactly known (i.e., 1.000 mL). Given the analyte X responses 
presented above for the four calibration levels and some of the information in example A, consider 
the following chromatogram: 

 
As discussed above, the equation for the calculation of analyte X without the surrgate standard is: 
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Replacing the terms in the equation: 
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If the sample extract is concentrated to a smaller volume, as in example B, with the difference that the 
final volume (i.e., 0.500 mL) must be known exactly, the chromatogram results as follows: 

Area = 0 0 4046 

I.S. S.S.

Analyte X
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Replacing the terms in equation (13): 
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Calculation, following the information given in examples C and D, proceeds in the same way: 
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6.9. Reporting 

Data are routinely reported to three places after the decimal point as ng g-1 dry weight 
(soils/sediments and biota) or as ng L-1 (water) results. Table 15 shows common qualifiers to 
characterize the data. 

The laboratory must have in place a set of corrective actions if the analytical quality control 
requirements for quantitative analysis of accuracy and precision (Table 16) are not met. 

I.S. S.S

Analyte X

Area = 0 0 8012 
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Table 15. Common qualifiers to characterize the data 

Qualifier  Description 

ND = Not detected 

J = Below the Method Detection Limit 

NA = Not applicable 

Q = Data out of control 

I = Interference 

B = Blank contamination 

d = Dilution 

EC = Exceede calibration range 

 

Table 16. Analytical quality control requirements of accuracy and precision 

Analytical quality control 
requirements 

Frequency Objetives(a) 

Surrogate standards Every sample Recoveries between 40-120% of added 
amount 

Accuracy   
Blank Spike 
Matrix Spike 

5 % of the samples in 
the analytical batch 
(1:20) (a, b) 

Recoveries between 40-120% of added 
amount 

Precision   
Duplicate Sample 
Blank Spike Duplicate 
Matrix Spike Duplicate 

5 % of the samples in 
the analytical batch 
(1:20) (a, b) 

Relative Percent Difference  
< 25% for each detected analyte  

(a) at a minimum one per analytical batch 
(b) Duplicate sample or Matrix Spike Duplicate can be omitted if no enough material is available 

 

The following pages are an example of a data report. Note that the information provided in these 
pages is given with the sole purpose to illustrate the proposed report format. The first page shows the 
concentrations in four samples and their associated qualifiers. The second page shows the 
concentrations measured in the blank sample and compares the original and duplicate samples, 
including information on the relative percent difference for each detected analyte above the MDL. 
Those analytes that show a relative percent difference larger than 25%, for example 4,4’-DDE, are 
qualified with a “Q” as they are outside contol limits (Tables 15 and 16). The third page shows the 
concentrations detected in the original sample and in the matrix spike and matrix spike duplicate, 
including the recoveries of spiked analytes in these last two samples and the relative percent 
difference between recoveries. 
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