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Abstract 
A critical study was made of the standard addition procedure as applied in gas chromatography. The general 

procedure when an electron-capture detector is used in gas chromatography is discussed with the example of the 
determination of organochlorine compounds in a certified reference material of animal diet. 

1. Introduction 

The gas chromatographic (GC) determination 
of organochlorine compounds in real samples 
often shows strong matrix effects. Usually these 
matrix effects are attributed to the interaction 
between the detector and other unidentified 
organic compounds contained in the sample. 
When these problems appear, the use of the 
standard addition procedure is suggested as a 
good alternative to avoid the matrix influence. 
However, the problems cannot always be elimi- 
nated in practice. 

Analysis with different gas chromatographic 
detectors has been considered by some workers 
in an additional attempt to compare the re- 
sponses obtained with various compounds, so 
that the interferences can be identified and 
eliminated. 

Further, numerous theoretical and practical 
problems can be identified when the standard 
addition procedure is applied. The linear range 
and the slope of the straight line obtained can 
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vary depending on the concentration level of the 
analytes. In addition, the treatment of the data 
obtained and the final plot selected, i.e., re- 
sponse obtained verSuS concentration added or 
measured concentration verSuS concentration 
added, can modify the final results. 

This paper presents a critical study of the 
standard addition procedure as applied to a 
certified sample (CRM 115) of organochlorine 
pesticides in animal diet. Several limitations of 
the standard addition procedure applied to real 
samples when using gas chromatography with 
electron-capture detection (ECD) are discussed. 

2. Experimental 

2.1. Apparatus and reagents 

A Hewlett-Packard 57980 Series II gas 
chromatograph equipped with an electron-cap- 
ture detector, a Selecta vibrator, a Heidolph 
rotary evaporator and Selecta ultrasonic bath 
were used. 

cu-Hexachlorocyclohexane, P-hexachloro- 
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cyclohexane, &hexachlorocyclohexane, hexa- 
chlorobenzene, y-chlordane, heptachlor, hepta- 
chlor epoxide, aldrin, dieldrin, endrin, c-r-endo- 
sulfan, p,p’-DDE, P-p’-TDE, o,p’-DDT and 
p,p ‘-DDT were obtained from Riedel-de Haen. 
Dichloromethane, light petroleum, hexane and 
cyclohexane (residue analysis quality) were pur- 
chased from Merck. Florisil and silica gel for 
residue analysis were supplied by Fluka and 
anhydrous sodium sulphate by Panreac. 

2.2. Procedure 

A 2.5-g amount of a certified sample (CRM 
115) of animal diet was weighed exactly. This 
sample was placed in a 125-ml Soxhlet apparatus 
with dichloromethane-light petroleum (1:4). 
After 6 h of extraction at 35”C, the organic 
extract was transfered to a glass column con- 
taining a combined solid bed of 2.5 g of Florisil 
(7% deactivated) and 2.5 g of silica gel (7% 
deactivated). A 2-cm layer of anhydrous sodium 
sulphate was placed on the top of this column to 
keep the extract dried. After passing through the 
clean-up column, the organic extract was evapo- 
rated to 2 g and then analysed by GC-ECD. 

2.3. Chromatographic conditions 

The GC analysis was carried out with a fused- 
silica column (60 m x 0.25 mm I.D.) containing 
DB 1701 bonded phase with a 0.25-pm film 
thickness. The column oven temperature pro- 
gramme was as follows: 60°C for 2 min, in- 
creased at 20”C/min to 185”C, held for 10 min at 
185”C, then increased at 5”C/min to 250°C and 
held for 20 min at 250°C. The injector tempera- 
ture was 250°C. Hydrogen was used as the 
carrier gas at a flow-rate of 1.45 ml/min and 
nitrogen as the make-up gas at a flow-rate of 60 
ml/min. 

3. Results and discussion 

3.1. Linear range 

It is well known that the response of detectors 
used in gas chromatography is non-linear over 

the whole range of concentration. The limita- 
tions of the linear range when using ECD arc 
well known [1,2], and most workers have 
attempted to calibrate the detector using the 
most linear portion of the response curve. In 
order to establish the non-linear range in each 
instance, several standard solutions were in- 
jected into the GC column. The response ob- 
tained, height or area counts per unit mass 
injected, was plotted against the mass injected in 
each instance. Fig. 1 shows the curves obtained. 
From these curves, the lower limits of linear 
range were obtained for each compound. It can 

be seen that in all instances the ECD response at 
very low concentrations is non-linear. This be- 
haviour is especially important in the determi- 
nation of organochlorine compounds in which 
the concentration level is very low and the lower 
and upper limits of this linear range can be very 
critical [3-61. This linear range can vary accord- 
ing to the state of the detector. clean-up, make- 
up gas used [7,8]. gas flow-rate, etc., and it also 
depends on the detector design. The presence of 
such a non-linear range is one of the major 
limitations of the standard addition procedure. 

The standard addition procedure is widely 
applied in atomic absorption and emission spec- 
trometry and has also found application in elec- 

trochemical analysis and other areas [9,10]. 
Equal volumes of the sample solution are taken, 
all but one are separately spiked with known. 
different amounts of the analyte and all are then 
diluted to the same volume. The instrument 
signals are then determined for all these solu- 
tions and the results plotted as shown in Fig. 2. 
As usual, the signal is plotted on the ordinate; in 
this instance the abscissa is graduated in terms of 
the amounts of analyte added (either as an 
absolute mass or as a concentration). The un- 
weighted regression line is calculated in the 
normal way, but space is provided for it to be 
extrapolated back to the point on the abscissa at 
which y = 0. It is clear that this negative inter- 
cept on the abscissa corresponds to the amount 
of analyte in the test sample. 

However, if the detector response is non- 
linear over the whole concentration range, such 
extrapolation can produce an erroneous value. 
This is especially true when organochlorine com- 
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Fig. 1. ECD response versus the mass injected into the column. Curves: 1 = cu-HCH; 2 = HCB; 3 = heptachlor; 4 = y-chlordane; 
5 = aldrin; 6 = a-endosulfan: 7 = endrin; 8 = o,p’-DDT; Y = y-HCH; 10 = dieldrin; 11 -p.p’-TDE; 12 = heptachlor epoxide; 

13 =p.p’-DDE; 14 = /3-HCH; 1.5 -/I,@-DDT. 
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Fig. 2. Plot of a general standard addition procedure (-) and influence of matrix interferences in the standard addition 
procedure applied to GC-ECD (---). 

pounds in real samples are determined by GC- 
ECD because of their low concentrations. 

In order to check this theory, the standard 
addition procedure was applied to the determi- 
nation of a series of organochlorine compounds 
in the certified reference material BCR CRN 

115. The sample was simultaneously analysed by 
the normal procedure, using a calibration plot 
and an internal standard. The results obtained, 
together with the certified values and the lower 
limits of the linear range of the detector, are 
given in Table 1. It can be seen that the values 

Table 1 
Determination of organochlorine pesticides in BCR CRM 115 using different procedures 

Compound Lower 
linearity 
limit 

(“g/g) 

Observed 
values 

(ng/g) 

Certified 
values 

(ng/g) 

Standard 
addition 
results 

(nglg)* 

(Y-HCH 19.15 22.26 18.47” 9.46 k 2.66 
p-HCH 20.50 17.74 24.20” 26.02 + 1.49 
y-HCH 6.67 21.90 19.53” 24.56 It 1.44 
HCB 19.88 23.60 17.01 23.65 2 8.30 
Aldrin 13.01 17.36 17.42 11.92 ? 0.62 
Heptachlor epoxide 6.95 68.33 17.63 7.68 -t 1.46 
y-Chlordane 33.01 55.34 53.00 48.16 -c 9.39 
cY-Endosulfan 6.61 48.12 44.57 45.23 f 7.09 
p,p’-DDE 20.23 53.70 47.99 51.39 t 0.69 
Dieldrin 6.98 22.10 19.00 22.06 k 2.14 
Endrin 20.10 56.96 47.92 55.31 -c 33.07 
p,p’-TDE 7.24 68.29 62.94 53.14 t 12.45 
o,p’-DDT 19.98 44.15 47.40 55.92 r 2.37 

a Values given as indicative values in CRM report. 
b Mean rt S.D. xf, where f is the multiplication factor according to the statistical requirements. 



for (w-HCH, aldrin and heptachlor epoxide ob- 
tained with the standard addition procedure 
differ from those obtained with the direct pro- 
cedure and also from the certified values. This 
!:rror could be attributed to the fact that the final 
:! :ncentration of the compound is near the lower 
iimit of the linear range. 

l-he extrapolation to zero implies that the 
range included is linear. When this is not the 
case. the standard addition procedure cannot he 
recommended for quantitative analysis. 

It could bc argued whether a larger amount of 
original sample could have been taken in order 
to obtain a more concentrated final extract 
containing the compounds. In such a case. the 
mass injected into the chromatographic column 
would be higher than the lower limit of the linear 
range. This is true when the direct interpolation 
procedure is applied. but with the standard 
addition procedure this approach only serves to 
move the working range to an upper part of the 
same straight line which has the same slope and 
obviously the same problems with extrapolation 
to zero. This effect is shown in Fig. 2. 

The concentration effect is only valid when 
directed analysis through a calibration plot is 
used, and it does not work with the standard 
addition procedure. 

One of the major advantages of the standard 
addition procedure is that it avoids the matrix 
interference effects. However. this is only ac- 
ceptable when the technique to which the stan- 
dard addition procedure is applied is a relative 
technique. GC is an absolute tcchniquc. which 
means that the detector gives the total response 
to all the mass injected into the column instead 
of the response to the relative concentration 
(mass per unit volume). If a different compound, 
an intcrferent, is co-eluted with the analyte. the 
detector gives the total response of the sum of 
both compounds. Under these conditions, when 
the standard addition procedure is applied. the 
presence of positive or negative interferents 
affects the position of the straight lint but the 
slope is not affected. Only a parallel line is 

obtained. This can be seen in Fig. 2. In such a 
case, the extrapolation to zero gives very differ- 
ent values. only one being the true value. 

Consequently, the standard addition proce- 
dure does not avoid matrix interference effects, 
as can be established. for example. with spectro- 
scopic methods. 

3.3. Arcuruc) 

In the analysis of real samples by GC. small or 
no significant differences are obtained between 
several independent atiquots of the sample. On 
applying the standard addition procedure these 
differences result in little variation of the slope 
of the straight line. Nevertheless, the extrapola- 
tion to zero amplilies the differences. and crro- 
neous values could be obtained. The relative 
standard deviations are higher than those ob- 
tained by the direct interpolation procedure 
through a calibration plot applied to the same 
compounds in the analysis of the same sample. 
as can be seen in Table 1. From a statistical point 
of view, extrapolation methods are always less 
precise than interpolation techniques [4l. 

The addition of increasing and known amounts 
of a standard solution to a sample can be used to 
calculate the recovery of the analytes through 
the whole process. including extraction. clean- 
up. concentration and final analysis. 

In this case. the final values have to be 
obtained by direct analysis using the calibration 
plot. When the obtained concentration values 
(quantified concentration) are plotted against the 
concentration added to the sample, a linear plot 
results. The slope of this straight line represents 
the recovery of each compound. This can be 
seen in Fig. 3. 

Often this procedure is erroneously named 
“standard addition”. but the quantification is 
achieved from a normal calibration plot using 
calibration solutions. In this instance. no ex- 
trapolation is used and the procedure is not 
affected by the aforementioned problems. 
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Fig. 3. Plot of quantified concentration versu.s added concentration of each compound. 

4. Conclusions 

The standard addition procedure cannot be 
applied in GC-ECD to samples containing very 
low concentrations of compounds that have a 
non-linear detector response when the final value 
is very near the lower limit of this linear range. 
The standard addition procedure does not elimi- 
nate the matrix effects in GC. 

The relative standard deviations obtained by 
the application of standard addition procedure 
are higher than those obtained using the normal 
procedure of direct analysis using a calibration 
plot with calibrating solutions. When the final 
quantification of the samples after adding the 
standard is achieved by direct analysis with a 
normal calibration plot, the data obtained can be 
used to obtain the recovery of the compound. 

References 

[2] C. Litenau and I. Rice, Statistical Theory and Meth- 
odology of Trace Analysis, Ellis Horwood, Chichester, 

1980. 

[3] D.E. Wells, in D. Barcelo, Environmental Analysis. 
Techniques, Applications and Quality Assurance, 
Elsevier, Amsterdam, 1993, Ch. 3, pp. 80-109. 

[4] T.A. Bellar and J.J. Lichtenberg, J. Am. Water Works 
Assoc., 66 (1974) 739. 

[5] M.E. Comba and K.L.E. Kaiser, Int. J. Environ. Anal. 
Chem., 16 (1983) 17. 

[6] M.L. Langhorst, J. Chromatogr. Sci., 19 (1981) 98. 
[7] D.E. Wells, J.N. Robson and A.G. Kelly, The ECD and 

NICI-MS detector for the determination of organo- 
chlorine residues in environmental samples, Internal 

Report, Scottish Office Agriculture and Fisheries De- 

partment, Aberdeen, 1992. 

[8] B.K. Afghan and A.S.Y. Chau, Analysis of Trace 
Organics in the Aquatic Environment, CRC Press, Boca 

Raton, FL, 1989. 

[9] J.C. Miller and J.N. Miller, Statistics for Analytical 
Chemistry, Ellis Horwood, Chichester, 2nd ed, 1987. 

l[lO] D.T.E. Hunt and A.L. Wilson, The Chemical Analysis 
of Water. General Principles and Techniques, Royal 

Society of Chemistry, London, 2nd ed., 1986. 

[l] M. Dressler, Selective Gas Chromatographic Detectors 
(Journal of Chromatography Library, Vol. 36), Elsevier, 

Amsterdam, 1986. 


