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Ion chromatography (IC) as developed by Small et. al. 

in 1975 has become an efficient and reliable analytical 

technique for simultaneous analysis of multiple ions in 

solution. The principle requirement prior to use the IC for 

an analysis is sample preparation; these include sample 

decomposition, solvent extraction, and trapping in case the 

target element is in the gas phase, etc. Solvent 

extractions for fluoride, chloride, sodium, ammonium, and 

potassium ions which are soluble in soils are described. 

Sample decompositions include silicate rocks using 

hydrofluoric acid for the determination of phosphorus; 

organic pesticides using lithium fusion technique for the 

determination of halide and cyanide ions are also described. 

After these sample preparation techniques, the aqueous 

solutions obtained were analyzed on the ion chromatograph 

for the analyses of the anions and cations mentioned above. 

Recovery and reproducibility of each technique is in general 

quite good and the comparison between the results obtained 

from the IC method and other instrumentation are given. 
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CHAPTER I 

GENERAL INTRODUCTION 

Ion exchange chromatography refers to the separation 

of substances by their differential migration on an ion-

exchange column or on a sheet impregnated with an ion 

exchanger. Ions (cations or anions) are separated on the 

basis of ion-exchange reactions that are characteristic of 

each type of ion (1). In the past decade, many of the 

chromatographic separations used resins of rather large 

particle size and required fraction collecting and manual 

detection of separated substances. Such separations are 

often slow and are limited in the number of sample 

components that reasonably can be separated. 

In 1975 Small, Stevens, and Bauman (2) reported a 

novel ion-exchange chromatographic method using columns of 

relatively small diameter containing a packing of uniform 

and small particle size, and using small samples, constant 

eluent flow rate (obtained by using a pump), and automatic 

eluent suppressed conductometric detection of the separated 

sample ions. Thus, the term "ion chromatography" (IC) was 

coined and has been used by many authors to describe 

separations of either anions or cations in which an ion-

exchange column is used for separation, a second column 

(suppressor) is used to remove most of the eluent ions, and 



a conductivity detector is employed. This method has 

become an efficient and reliable analytical technique for 

the rapid separation and measurement of multiple ions in 

solution. The principle of this technique is the same as a 

liquid chromatography system with a schematic diagram shown 

in Figure 1. 

Ion-exchange Resins 

. Many substances including clays, natural and synthetic 

zeolites, certain glasses, some inorganic oxides and 

insoluble salts, and functionalized organic polymers, have 

the ability to exchange one ion for another. By far the 

most important in ion-exchange chromatography are ion 

exchangers made from organic polymers such as styrene-

divinylbenzene copolymers or a porous silica or other 

support to which has been grafted or chemically bonded an 

ion-exchange material. Ion-exchange materials may be 

classified as cation exchangers or anion exchangers. 

For a cation exchange resin, the most common type of 

resin is prepared by sulfonating the benzene ring of a 

styrene-divinylbenzene copolymer (SDVB). Varying amounts 

of divinylbenzene (DVB) are added to the mixture used for 

polymerization to provide crosslinking between the linear 

polystyrene chains. The sulfonic acid groups are the 

active resin sites used for the exchange. The _s°2 ani°nic 

group is chemically bound to the resin and its movement 
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thus is severely restricted. However, the H + counter ion 

is free to move about and can be exchanged for another 

cation. For example, if a solution of sodium halide is 

brought into contact with a cation exchange resin in the 

hydrogen ion form, the following exchange reaction occurs: 

Res-SO~ H + + Na +
 v Res-SO~ Na+ + H + 

The halide anions will not be retained on the resin 

site and will be eluted unresolved in the void volume when 

the buffer eluent (mobile phase) is applied at a constant 

flow rate. 

For an anion exchange resin, two main types of resins 

are commercially available including pellicular silica-

based resin and styrene-divinylbenzene copolymer (SDVB). 

The former type of resin is restricted for use with the low 

pH eluent because at pH above 7.0 severe degradation of the 

resin occurs (3). Thus, silica-based resin column 

lifetimes are short. The more popular resin material is 

SDVB because it can be used with either acidic or basic 

eluents. The anion-exchange sites are made by 

chloromethylating the benzene rings in styrene-

divinylbenzene copolymer and then alkylating by reaction 

with an aliphatic amine. The most common type of anion-

exchange resin contains a quarternary ammonium functional 

group obtained by alkylation with trimethyl amine. 



ClCHoOCHq N(CH3)3 
Res —(Q) ^*es-<rg\ >Res-<Q> . -

CH2CI ^CH 2N(CH 3) 3 CI 

Similar to the cation exchange system, the analyte 

anions will compete with the eluent anion for the exchange 

site of the resin in the equivalent amount and the cations 

present in the sample solution will not be retained on the 

column, thus they will be eluted in the void volume. 

The selectivity of the ion on the resin site can be 

viewed briefly as (4) 

(i) the greater the valence of the sample ion, the 

greater its attraction or affinity for the ion exchange 

sites; e.g., trivalent ions are preferred over divalent 

ions, and divalent ions over monovalent ions; 

(ii) for different ions of the same valence, the 

larger the ionic radius (the more polarized), the more 

strongly they are attracted to an ion exchange site. 

For both anion and cation exchange columns which were 

used as the separator columns, the resins used were low 

capacity in order to minimize the concentration of the 

buffer eluent employed as the mobile phase. High capacity 

of the resin will require high concentration of the eluent 

to push the sample ion from the resin site (mass action 

effect) which will lead to high background signal and thus 

lower the sensitivity of the method. Figure 2 illustrates 

the exchange sites of the resin used in this research. 
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Types of Detectors 

A wide variety of detectors have been used for the 

automatic detection of ions in ion-exchange separations. 

Detectors can be classified as either universal or 

selective. Universal detectors respond to all ions that 

are present in the detector cell such as a conductometric 

detector (2). Selective detectors respond only to certain 

ions that may be present in the detector cell, these 

include; ultraviolet-visible spectrophotometry (5), 

electrochemical (6), flame emission spectroscopic (7), and 

atomic absorption spectroscopic detectors (8). However, 

only the two types of detectors which were employed in this 

research will be discussed. 

The first type which was used is a conductometric 

detector. It responds to a wide variety of ions (both 

anions and cations) but does not respond to molecular 

substances such as water, ethanol or non-dissociated weak 

acid molecules. This type of detector is based on the 

ability of the ion (electrolyte) to conduct electricity 

between two electrodes across which an electric field is 

applied. Ohm's law, V=IR, is obeyed and the magnitude of 

the current depends, in part, on the magnitude of the 

applied potential. Conductance (G) of a solution is 

expressed in terms of the solution electrolytic resistance. 

It is measured in reciprocal ohms, or mhos. 
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1 
G " R . 

Thus, the detector response (AG) is the change in 

conductance between the equivalent conductance of the 

sample ion and the eluent (background) ion and is directly 

proportional to the concentration of the sample solution in 

which the equation can be expressed by 

A G « <\ s~X e_)c s 

where \ -is the equivalent conductance of the sample anion, 
s 

X _ is the equivalent conductance of the eluent anion, and 
e 

Cg is the concentration of the sample solution. This 

equation is also applied to the cation system but the 

difference in equivalent conductance is obtained from the 

sample cation and the eluent cation. The signal obtained 

can have either a positive or negative peak on the 

chromatogram, the positive signal is obtained when the 

equivalent conductance of the sample ion is greater than 

the eluent ion, and the negative peak is obtained when the 

sample ion has lower equivalent conductance. Both positive 

and negative signals can be used for qualitative and 

quantitative works without any difference in result (1). 

The mobility of ions in solution varies with the solution 

temperature. Most ionic solutions will conduct 

approximately 2 per cent more electricity per degree 

Celsius increase in temperature. This problem is minimized 



because most commercially available instruments have a 

thermistor and compensation circuitry in which resistance 

changes linearly with solution temperature. 

In this conductometric technique, the column effluent 

may be treated by a second column (without any change in 

the separation) to suppress the eluent conductivity and 

enhance the sample conductivity either by acid/base 

suppression (2,4) or precipitation formation (9,10). This 

method is called a dual-column technique (1) Another 

conductometric IC technique, the single-column method, was 

reported by Gjerde, D. T., and Fritz, J. S., in 1979 (11). 

They omitted the second column suppression and employed an 

efficient eluent of low conductivity with low exchange 

capacity of the resin. The detection limit of the single-

column method of the common ions is about the same or 

slightly greater than the dual-column method (1) (most 

cases are about 0.1-1.0 ppm without a sample pre-

concentration technique). 

Another type of detector used in this research was an 

amperometric (electrochemical) detector. It is a selective 

detector because it operates on the principles of oxidation 

or reduction of substances at an electrode. The ability of 

a substance to be oxidized or reduced is different for each 

substance and is measured by the potential required to 

induce the electrolysis. Amperometric detectors may 

operate down to the picoequivalent sample concentration 
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level which requires nanoamp current measurement. 

Therefore, its sensitivity is superior to conductometric 

detector. 

Ions that can be analyzed by an amperometric detector 

include cyanide, sulfide, hypochlorite, ascorbate, 

hydrazine, arsenite, phenols, aromatic amines, bromide, 

iodide, and thiosulfate (6). This detector is sensitive to 

the eluent flow rate and pH. The working electrodes that 

are mostly used are silver and platinum. 

In general, the reactions at the silver working 

electrode involve the catalytic oxidation of the electrode, 

rather than the oxidation of the species in solution. Many 

silver salts are either quite insoluble or form very strong 

complexes. In either case, the formation of the silver 

compounds is favored, resulting in oxidation of the silver 

electrode. The current generated is proportional to the 

concentration of the species in solution. In the presence 

of an analyte such as cyanide, the oxidation potential of 

the silver electrode is significantly lowered. Depending 

on the solubility product or the strength of complex form 

(i.e., the formation constant), the sensitivity will differ 

for each ion. The typical reaction occurring at the 

electrode for cyanide ion is given in the equation: 

Ag + 2CN~ > Ag(CN)~ + e~ 

From the Nernst equation the following expression is 

obtained for the formation of silver ion. 
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E = E° + + 0 . 0591og [Ag+] 
flg W 

The reaction of silver ion with cyanide is: 

Ag+ + 2CN"~ > Ag(CN)2 

The formation constant, Kf, for this reaction is: 

= [ A 9 ( C H ) ; ] = 2 1 - 1 

£ M [ o r ] » 

Solving for [Ag+] and substituting into the Nernst 

equation: 

E = 0.77 + 0.0591og jAgfCN)-?] 

Kf[cN~]
2 

where 0.77 represents E^g versus S.H.E., and log 1/Kf = 

-21.1, 

E = 0.77 - 0.059(21.1) + 0.0591og[Ag(CN)j] 

r K I 2 

E = -0.47 + 0.0591og [Ag(CN)2J 

[ C N 1 2 

where -0.47 represents the calculated Eag(CN)~ versus 

S.H.E. Since E^ g ( C N )- is lower than E°Ag+, and E a p p l i e d is 

held constant by the potentiostat, oxidation of silver must 

occur to maintain equilibrium, generating a peak as the CN~ 

passes through the cell. 

The platinum working electrode has limited utility for 

inorganic species due to its higher ionization potential. 

The primary inorganic species for which it is useful are 
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hypochlorite and hydrazine. Hypochlorite is a relatively 

strong oxidant (e.g., it is readily reduced) and will yield 

a negative peak. A typical reaction occurring at the 

electrode for hypochlorite is given by the equation: 

C10~ + H 20 + 2e~ » Cl~ + 20H~ 

From the Nernst equation the following expression is 

obtained for the reduction of hypochlorite: 

[cicf] E = e
c^Q-

 + 0.0591og 

2 [cl-][or] 2 

the second term in this equation may be expanded to give; 

E = 0.89 - 0.0591og[oH~] + 0.0301og [clO~] 

K l 

where 0.89 represents E^^-versus S.H.E., and log[0H~] = 

logKw/fH1"] , the second term of this equation may be 

expanded to give: 

E 0.89 - ( 0 . 059 ) (loglO - log [H+] ) + 0 . 0301og [ciO~] 

K 1 

which finally gives: 

E = 1.72 - 0 . 059pH + 0 . 0301og [clo"] 

l^F] 

where (1.72 - 0.059pH) represents E° as a function of 
CIO" 

PH. 
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Therefore, reactions occurring at either the silver or 

platinum working electrode which involve the consumption or 

production of H + or OH"" are pH dependent, making it 

possible to control the detector selectivity by controlling 

the eluent pH. 

The principle requirement prior to use of the IC for 

an analysis of anions or cations is to dissolve the target 

element into an ionic form in the aqueous solution. Thus, 

soils, rocks, and pesticides represent the types of samples 

that need the appropriate preparation methods for an 

analysis which was not amenable to do in the past 

(12,13,14). The following four chapters describe the 

sample preparation techniques and the utilizations of ion 

chromatography with the two detectors mentioned above. 
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CHAPTER II 

ION CHROMATOGRAPHIC DETERMINATION OF 

FLUORIDE AND CHLORIDE IN SOILS 

Introduction 

In agricultural areas, the concentration of fluoride 

and chloride in soils may create either an element 

deficiency or efficiency problem due to the heavy use of 

fertilizers and pesticides. Thus, the concentration of 

these two anions should be considered when performing the 

diagnosis of plant's disease. Several methods have been 

proposed for the determination of fluoride including 

electrometric methods (1), fluoride-sensitive electrodes 

(2), and diffusion methods (3). Many methods are also 

available for determination of chloride. Chloride in 

aqueous solution may be determined by gravimetric analysis, 

volumetric analysis using either Volhard or Mohr's method 

(4), and ion-selective electrodes (5). These processes are 

subject to matrix interference from other halides. 

Ion Chromatography (IC) is a powerful analytical tool 

which can be applied to many situations which were not 

readily amenable to analysis in the past (6). It has been 

documented to be a highly accurate technique for 

determination of halide ions using conductometric detection 

16 
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to measure fluoride, chloride and bromide ions to the 

parts-per-million range (7). None of the above 

conventional methods for the simultaneous determination of 

these halogens is entirely satisfactory, particularly on 

the microchemical scale due to the unique nature of the 

fluoride ion and the interference between halides which 

often limits the applicability of other methods (8). 

It is generally accepted that most anions are not held 

by soil colloids and that they can be extracted 

quantitatively from soils using various extractants and do 

not required serial extraction for each sample (9,10). 

This chapter reports an inexpensive and accurate method for 

determining fluoride and chloride in soils using ion 

chromatography after extraction. 

Materials and Method 

Apparatus. A 125-mL erlenmeyer flask with a rubber 

stopper, a magnetic stir bar (Fisher), a hot plate-stirrer 

(Corning PC-351), a 250-mL filter flask, a Buchner funnel, 

a filter paper (Whatman No.1), an analytical balance 

(Mettler H30), and a 250 /im mesh sieve were all used in 

sample preparation. 

The determination equipment includes an Ion 

Chromatograph (Dionex Model 10), and 25 mm 0.2 /im pore-size 

membrane filters for filtration. The operating conditions 

with all parameters are shown in Table I. 
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TABLE I 

ION CHROMATOGRAPHIC PARAMETERS 

Instruments Dionex Ion Chromatograph 
Houston Instruments Chart 

10 
Recorder 

Eluent 0.003 M NaHC03 and 0.0024 M Na2C03 

Flow rate 156 mL/hr 

Pre-column 50 mm HPIC-AG3 (Dionex) 

Separator column 250 mm HPIC-AS3 (Dionex) 

Suppressor column AFS fiber suppressor 

Sample loop 0.1 mL 

Conductance full scale 10 micromho 
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Reagents and Materials. The following reagents were 

used to extract F~ and Cl~ in soil samples: distilled-

deionized water, 0.01 M NaOH, 0.002 M NagCOg + 0.002 M 

NaOH, 0.003 M NaHCOj + 0.0024 M Na2C03, 0.005 M Na2C03, 

0.005 M KOH + 0.005 M K^PO^. The samples used were near 

surface (0- to 10- cm) soils randomly selected from non-

agricultural and agricultural areas. The non-agricultural 

area was a large field previously used for grazing and the 

agricultural area was a wheat field. 

All standard solutions of fluoride and chloride were 

prepared for at least five different concentrations to 

construct calibration curves for the determination of each 

halide in the extracted aqueous solution. The 

concentration ranges of the standards were: 1-3 ppm for F~ 

and 1-5 ppm for Cl . The standard solutions were prepared 

by using reagent grade sodium fluoride and sodium chloride. 

Procedure 

The soil samples were dried at 200 degrees Celsius for 

six hours before use. The soils were ground and passed 

through a 250 >im mesh sieve. Powdered soil samples 

weighing 5 grams were placed into clean, dry 125-mL 

erlenmeyer flasks, 25-mL of extractant was then added to 

the erlenmeyer flask. The samples were stirred with the 

magnetic stirrer for 1 hour and the resulting suspension 

was filtered through the Whatman No.1 filter paper. 
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A clean 5-mL syringe and a filter with a membrane 

filter were flushed with the aqueous suspension several 

times, the syringe was then reloaded and a 2-mL aliquot of 

sample was injected through the filter into the 0.1 mL 

sample loop. Thus, the sample loop was charged with the 

clear aqueous suspension which eliminated the solid residue 

products and subsequent clogging of the column. Procedural 

blanks were determined and subtracted from the sample 

concentration. 

For separation of F~ and Cl~* and the other anions 

present in the soil extracts, the precolumn and separator 

column contained a strong base anion exchange resin in the 

HCO3 form; and the hollow fiber suppressor column contained 

a strong acid cation exchange membrane (11). 

The results of the fluoride and chloride analysis by 

IC were calculated from calibration graphs prepared with 

standard solutions containing 1.0, 1.5, 2.0, 2.5, and 3.0 

ppm F~ and 1.0, 2.0, 3.0, 4.0, and 5.0 ppm Cl"\ The 

concentration range for the standard was governed by the 

concentration of F and Cl in the extractant solution. 

The linear operating range for these ions using IC is 

several orders of magnitude and thus could accomodate 

solutions with a wide ranging halide ion concentration. 

Results and Discussion 

A series of solutions were tested for the extraction 



21 

of F and Cl from soils. The level of F~ and Cl" in each 

extractant was determined. These six extractants showed 

consistently high F and Cl concentrations where as other 

extractants showed a markedly lower level. 

The volume of the extractant and weight of the soil 

sample need not be 25-mL and 5 grams as long as an 

extractant:soil ratio of approximately 5:1 is maintained 

(12). The reasons for the 5:1 ratio are that if 

significantly less extractant were used the aqueous 

solution obtained would have a high viscosity which would 

cause difficulty in injecting the sample through the 

membrane filter and may not efficiently extract all the 

anions. On the other hand, the higher amount of extractant 

will lower the concentration of the target anions which 

will decrease the signal to noise ratio possibly to an 

unacceptable level. The blank corrected results of F~ and 

Cl" analyses are presented in Table II and Table III, 

respectively. 

The amount of the F and Cl from six analyses of each 

extractant showed that the 0.01 M NaOH produced the maximum 

amount of F~. The soil samples in this area range from 

slightly acidic to neutral. For other areas with different 

soil s, different extractants may be more appropriate. 

For Cl the amount obtained from the six extractants did 

not vary significantly. Extractants which gave poor 

results included 0.1 M NaOH due to the F~ and Cl" peaks not 
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being fully resolved; and the possible hydroxide 

interference with the Cl at high OH concentrations (7) 

and 0.01 M KHP (potassium hydrogen phthalate) which 

produced poor results due to the presence of a broad 

phthalate peak in the region of interest. Other 

extractants which provided low recoveries included 0.001 M 

NaOH and 0.005 M Na2B^O^.10^0. This may be the result of 

the low ionic strength and the large borate ion size. The 

range of ionic strengths for the six satisfactory 

extractants was 0.008-Q.035 whereas for the two 

unsatisfactory extractants the ionic strength was 0.001 and 

0.015. 

The student's t-test at 95 per cent confidence level 

shows that the difference between F and Cl in non-

agricultural and agricultural areas is significant. The 

increased amount of F~ in the agricultural area may have 

come from the use of insecticides and/or fertilizers added 

to the soil (13). Contrary to F~, the amount of Cl~ 

decreased in the agricultural area. No definite 

explanation for this can be given at this time. Figure 3 

is the chromatogram of a soil from the agricultural area 

3-
extracted with 0.01 M NaOH. The peak height of NO , PO , 

£.1 4 
- 2 -

NO^, and SO^ tend to be increased in the aqueous solution 

from the soil of the agricultural area. A high NO~ 

concentration may cause some peak overlap with the Cl~ 

peak. No problem was encountered with significant NO~-Cl~ 

overlap during these experiments. 
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Conclusion 

These experiments should act as a guide for F and Cl 

analysis in soils using different extractant buffers. Of 

prime consideration is the nature of the soil sample to be 

analyzed and the appropriate extractant for that type of 

soil. Ion Chromatography, with its high sensitivity and 

precision, can be used to determine F and Cl in soils and 

can easily be set up for routine analysis with an 

autosampler. 
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CHAPTER III 

ION CHROMATOGRAPHIC DETERMINATION OF SOLUBLE SODIUM, 

AMMONIUM, AND POTASSIUM IONS IN SOILS 

Introduction 

As mentioned in the preceding chapter, either elements 

efficiency or deficiency in the soils may creat a problem 

which effect plant's growth. Therefore, the concentration 

of sodium, ammonium, and potassium in soils is another 

important factor which need to be considered. Several 

methods have been proposed for the determination of the 

exchangeable cations in soils including determination of 

sodium, potassium, calcium, and magnesium ions in soils by 

atomic absorption spectrophotometry (AA) after extraction 

with 0.10 M HCl or with 1.00 M ammonium acetate pH 7.0 (1), 

flame-emission spectrophotometry (2), and gravimetric or 

volumetric techniques (3). There are principal 

difficulties involved in gravimetric and volumetric 

methods, including the complexity and large scale on which 

they must be performed owing to the low concentrations of 

these elements in the extracts (4). In addition, the 

ammonium ion cannot be determined by either atomic 

absorption or flame-emission methods. 

Ion chromatography (IC), as developed by Small et al. 

29 



30 

(5), has become a widely accepted method for cation and 

anion analysis which provides both qualitative and 

quantitative information. This IC technique can be used to 

determine sodium, ammonium, and potassium ions at the part-

per-million range in one injection (6,7). 

Thus, from the method of soil analysis for sodium and 

potassium ions by AA using 0.10 M HCl (8), this aqueous 

solution can also be used by IC for the determination of 

sodium, ammonium, and potassium ions. In addition, serial 

extractions are needed for each soil sample. Each soil 

sample was extracted five times because the recovery 

results of all three cations from the fifth time of 

extraction is significantly different from the fourth time 

of extraction, but the sixth extraction was not 

significantly different in the recovery from the fifth time 

of extraction. 

Several extractants that have been used previously to 
+ + + 

determine Na ,NH^, and K (3), i.e., potassium chloride for 
~b 

extraction of NH^ (4), and ammonium acetate for extraction 
-J-

of K (8), were not used in this work due to the large 

interference from the cation in the extractants. 

Materials and Method 

Apparatus. A 125-mL erlenmeyer flask with a rubber 

stopper, a magnetic stir bar, a hot plate-stirrer, a 250-mL 

filter flask, a Buchner funnel, filter paper(Whatman 
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No.42), and a mesh No.30 were all used in the sample 

preparation. 

The determination equipment included an ion 

chromatograph (Model 10, Dionex Corp, California) with a 50 

mm pre-column (HPIC-CG1) and a 250 mm separator column 

(HPIC-CSl) and a 100 mm x 9 mm hand packed suppressor 

column (Dowex; 1X-8; 200-400 mesh Cl form resin converted 

to OH- form). Peaks were recorded on a chart recorder set 

at 5 micromho full scale. The eluent used was 0.005 M HCl 

at 138 mL/hr. In addition, 25 mm 0.2 ;um pore size syringe 

filters were used to prevent the clay particles suspended 

in the solution from clogging the analytical column. 

Reagents and Materials. The following solutions were 
i i 

used to extract Na ,NH , and K in soil samples: 0.10 M 
4 

HCl, 0.10 M HNO^, and 0.05 M H2
S°4 • T h e samples used were 

near surface (0- to 15- cm) soils randomly selected from 

three different areas. The soil pH was measured using a pH 

meter (Ionanalyzer digital/501 Orion Research Inc. 

Massachusetts) to measure a suspension obtained from soil 

distilled-deionized water in 1:1 ratio (3). 

All standard solutions of sodium, ammonium, and 

potassium ions were prepared from NaCl, NH Cl, and KCl 

(Fisher Scientific Co., New Jersey) with distilled-

deionized water in at least five different concentrations 

to construct calibration curves for the determination of 

each cation in the extracted aqueous suspension. The 
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concentration ranges of the standards were from 3 to 15 ppm 

for both Na + and NH^ and 5 to 25 ppm for K+. The 

concentration range for the standards was governed by the 

+ 4* -f-

concentration of Na , NH^, and K in the extracted aqueous 

suspension. The linear operating range for these cations 

using IC is several orders of magnitude and thus could 

accommodate solutions with wide ranging monovalent cation 

concentrations. 

Soil samples were obtained from the following areas: 

Denton,TX (pH 7.4), Fort Worth,TX (pH 6.8), and Pilot 

Point,TX (pH 5.9). 

Procedure 

Air-dried soil was sampled by coning and quartering. 

The soil samples were then ground and passed through a mesh 

No.30. Powdered soil samples weighing 5 grams each were 

placed into a separate clean, dry 125-mL erlenmeyer flask, 

and 20-mL of extractant was added. The samples were 

stirred with the magnetic stirrer for 15 minutes. There 

was no significant difference in the results among stirring 

times of 15, 30, and 60 minutes. The resulting suspensions 

were filtered through Whatman No.42 filter paper and that 

sample was extracted four more times by the same procedure 

using fresh extractant each time. 

A clean 5-mL syringe and a filter holder with a 

membrane filter inside was flushed with the aqueous 
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suspension several times. The syringe was then reloaded, 

and a 2-mL aliquot of sample was injected through the 

membrane filter into the 0.1 mL sample loop. The sample 

loop was thus charged with the clear aqueous solution, 

which eliminated the solid residue products and subsequent 

clogging of the column. Procedural blanks were determined 

and subtracted from the sample concentration in each 

experiment. 

The results of sodium, ammonium, and potassium 

determined by IC were calculated from calibration graphs 

prepared with standard solutions containing 3.0, 6.0, 9.0, 

12.0, and 15.0 ppm Na+; 3.0, 6.0, 9.0, 12.0, and 15.0 ppm 

NH+ ; and 5.0, 10.0, 15.0, 20.0, and 25.0 ppm K+. 
4 

In addition, the aqueous solutions of soil pH 6.8 

serial extracted with 0.10 M HCl were diluted with 

distilled-deionized water in a 1:10 ratio and tested with 

AA (Perkin-Elmer 4000) for the determination of sodium and 

potassium ions concentration. The linear calibration 

graphs of Na+and K+ were obtained from 0.3, 0.6, 0.9 ppm Na"1 

and 0.5, 1.0, 1.5 ppm K+ by AA (8). 

Results and Discussion 

The concentration of HCl extractant and technique used 

was similar to the one that used by AA. But extraction 

only one time was not able to get all Na+, NH+, and K+ from 
4 

the soil. Thus, serial extraction must be performed five 
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times for each soil sample. The concentration of these 

three cations is significantly different between the fourth 

and the fifth extractions; but there was no significant 

increase in yield between the fifth and the sixth times of 

extraction as shown in Figure 4. In addition, HNO^ and 

H^SO^, which are about the same order of magnitude in 

concentration as HCl, were also employed as extractants for 

a comparison. 

4* *4* "f 
The blank corrected results of Na , NH^ , and K using 

these three extractants are presented in Tables IV, V, and 

VI respectively. There is no obvious relationship between 

the soil pH and soluble cation content. 

The recovery tests were performed using the method 

described by David (1), in order to confirm the number of 

serial extractions used. The concentrations of Na+, NH+ , 
4 

and K added to each soil pH 6.8 extracted with three 

different acids were 6.0, 3.0, and 12.0 ppm respectively in 

1:1 ratio. The percent recovery obtained are in general 

quite good as shown in Table VII. 

The high relative standard deviation obtained within 

each analysis might have occurred from the difference in 

the degree of saturation of the exchangeable cations on 

clay particles (9). Thus, for a comparison of this IC 

technique, the aqueous solutions of soil pH 6.8 serial 

extracted with 0.10 M HCl left from IC analysis were tested 

by AA for determination of Na and K and the precision and 

accuracy obtained are close as shown in Table VIII. 



35 

200 

180 

160 

140 

1 120 

3 100 
o 

80.0 

60.0 

40.0 

20.0 

2 3 4 5 

NUMBER OF EXTRACTIONS 
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The analysis of variance at 95% confidence level 

showed no significant difference in the amount of three 

cations from the three different acid extractants used. 

4- + Hh 

Li , Rb , and Cs were not observed in the soil 

extracts with the conductivity detector set at 5 JJLS full 

scale. The minimum concentration of these three elements 

should be 0.5 ppm for Li , 3.0 ppm for Rb , and 5.0 ppm for 

Cs+ in order to appear on the chromatogram. Figure 5 is a 

chromatogram of the standard solution of six monovalent 

cations and Figure 6 is for the soil pH 6.8 serially 

extracted with 0.10 M HCl. 

One problem which may arise involves the presence of 

multivalent cations in the extraction solution. (AA 

analysis of the pH 6.8 soil serial extract indicated a 

calcium ion concentration of 60 ppm). These multivalent 

cations will be strongly held by the resins and will not be 

eluted by the weak inorganic acid eluents used in this 

work. As a result, the number of available exchange sites 

on the resin will decrease in proportion to the 

concentration of the multivalent cations causing a gradual 

decrease in retention times. These strongly held cations 

can be removed from the column by the injection of five 

aliquot's of a 0.5 M sodium potassium tartrate solution. 

This solution will assist in the rapid elution of the 

multivalent cations and allow for use of the column, after 

re-equilibration, within 30 minutes. An illustration of 
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the decrease in retention times of the separator column 

after it has been used for three days (eight hours a day) 

and the subsequent clean-up procedure is given in Table IX, 

This experiment should act as an alternative way for 

- J — - j " 

Na , NH , and K analysis in soils using ion 
He 

chromatography, especially considering the speed and cost 

effectiveness of the method. The nature of soils to be 

analyzed and the appropriate extractant for that type of 

soil is of prime consideration when choosing an acid 

extractant. 
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TABLE IX 

EFFECT OF MULTIVALENT CATIONS ON RETENTION TIMES * 

Ion Day 1 Day 4 After Clean-up 

Na+ 6 3.8 6 

NH+ 9 5.8 9 
4 

K + 10.5 7.5 10.5 

* Retention times given in minutes 
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CHAPTER IV 

ION CHROMATOGRAPHIC DETERMINATION OF PHOSPHORUS 

IN EIGHT U.S.G.S. STANDARD ROCKS 

Introduction 

The determination of phosphorus, usually present in 

the range 0.1-0.5 per cent O5, is a necessary part of any 

silicate rock analysis; failure to determine phosphorus 

will cause a positive error in the value for t*ie 

latter is to be obtained by difference from the combined 

weight of the ^2^3 9 r o uP elements (1). Several methods 

have been reported for the determination of phosphorus in 

silicates including gravimetric analysis in the form of 

ammonium phosphomolybdate (1), colorimetric (2), x-ray 

fluorescence spectrometry (3), and neutron activation 

analysis (4). 

The gravimetric, colorimetric and x-ray fluorescence 

spectrometry techniques are not adequately sensitive for 

accurate determinations in the lower end of the 

concentration range encountered for phosphorus in 

geological samples. Moreover, the success of x-ray 

fluorescence depends on the availability of appropriate 

standards (4). Neutron activation analysis requires 

experience in handling the samples. 
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Ion chromatography (IC) is a powerful analytical tool 

which can be applied to many situations which were not 

readily amenable to analysis in the past (5). The 

technique described in this chapter involves the 

decomposition of the sample using hydrofluoric acid in a 

quartz tube (size 1" x 6") and trapping the volatilized 

phosphorus in the phthalic acid eluent. The volatile 

phosphorus containing gas was dissolved in the eluent and 

the eluent was poured back into the quartz tube in order to 

dissolve the non-volatile phosphorus containing residue. 

This solution was analyzed on an ion chromatograph to 

determine the phosphate ion concentration. No problems 

were encountered using one commercial column in another 

commercial instrument in this experiment. The technique is 

capable of the determination of as little as 10 mg of the 

sample, or 5 p.g P O , and consumed only 30 minutes for each 
2 5 

sample. 

Materials and Method 

Apparatus. A quartz test tube (1" x 6"), a one-hole 

rubber stopper with a 3 inch piece of 6 mm OD glass tubing, 

a rubber hose, a 150 mL beaker, a bunsen burner, and an 

analytical balance were all used in the sample preparation. 

The determination eqxiipment included an ion 

chromatograph (Model 10; Dionex Corp., Sunnyvale, 

California) with an anion separator column (Wescan anion 
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269-001, Wescan Instruments Inc., Santa Clara, California). 

In addition, 25 mm 0.2 jam syringe filters were used for the 

high carbon samples to prevent clogging of the analytical 

column. 

The Wescan anion column was operated in the single 

column mode with the suppressor bypassed. The main problem 

associated with the use of the stainless steel column in an 

eluent suppressed system is that the flow rate must be 

reduced in order to prevent the development of leaks due to 

excessive pressure at the plastic fittings. In order to 

keep the pressure within tolerable limits, the eluent flow 

rate was reduced to 1.0 mL/min. The detector was operated 

in the log mode. Peaks were recorded on a chart recorder. 

Reagents and Materials. The eluent used was 0.005 M 

phthalic acid, (Matheson Coleman and Bell, Cincinnati, 

Ohio) in distilled-deionized water. Hydrofluoric acid 48 

per cent was used to decompose the geological samples. 

Sodium phosphate monobasic and distilled-deionized water 

were used to prepare all standard solutions. The 

concentrations of the standard H2PO4 ranged from 0.5 ppm to 

3.5 ppm. Sample names and their carbon contents are given 

in Table X. 

Procedure 

Powdered samples weighing between 10 mg and 60 mg were 

placed into a clean, dry quartz tubes. Distilled-deionized 
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TABLE X 

STANDARD ROCKS AND THEIR CARBON CONTENTS 

Standard Name Per cent carbon 

BHVO-1 Basalt 0.0085 

MAG-1 Marine Mud 2.3067 

QLO-1 Quartz Latite 0.0026 

RGM-1 Rhyorite 0.0037 

SCo-1 Cody Shale 0.9727 

SDC-1 Mica Schist 0.0297 

SGR-1 Shale of the Green 
River Formation 

27.03 

STM-1 Nepheline Syenite 0.0061 
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water, 0.1 mL, was added to each quartz tube in such a 

manner as to minimize splattering of the water or the 

sample onto the walls of the quartz tube. The quartz tube 

was rotated in order to be sure that all samples were wet. 

Concentrated hydrofluoric acid 0.3 mL was then added. The 

one-hole rubber stopper was attached to the glass tubing 

and a rubber hose was then placed on the tube. The other 

end of the rubber tube was then submerged into a 150-mL 

beaker which was filled with 50 mL eluent. 

The samples were gently heated using a bunsen burner 

to ensure the hydrofluoric acid entirely decomposed the 

silicate sample. Heating was continued until all liquid 

had been removed or for approximately three minutes. The 

rubber hose which was submerged in the eluent was carefully 

withdrawn from the beaker immediately in order to prevent 

the solution from running back into the quartz tube. The 

quartz tube was allowed to cool until cool enough to touch. 

This time interval allowed all the excess hydrofluoric acid 

to recondense and a thin colorless film developed on the 

top part of the quartz tube. The stopper equipped with the 

rubber hose was carefully withdrawn from the quartz tube. 

The top part of the quartz tube was then gently heated to 

remove the excess hydrof lxioric acid, and was allowed to 

cool. A small aliquot from the beaker was transfered back 

into the quartz tube and the quartz tube was shaken to 

promote complete washing of the solid residue in the bottom 
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of the tube. This solution was then transfered back into 

the beaker. Washing the residue increased the yield by 

approximately five per cent. 

A clean 5-mL syringe and a filter holder with a 

membrane filter were flushed with the aqueous suspension 

several times. The syringe was then reloaded, and a 2-mL 

aliquot of sample was injected through the filter into the 

0.1 mL sample loop. The sample loop was thus charged with 

the clear aqueous suspension, which eliminated the solid 

residue products and subsequent clogging of the column. 

Procedural blanks were determined and subtracted from 

the sample concentration in each experiment. Blanks using 

only hydrofluoric acid in the quartz tube showed no 

measurable phosphorus. Additional blanks were performed 

using silica gel as the sample and no measurable phosphorus 

was observed. Phosphorus would have been seen at levels in 

excess of 1 jug P-Q. . 
2 o 

The results of the phosphate analysis by IC were 

calculated from calibration graphs prepared with the 

standard solutions which were mentioned previously. The 

concentration range for the standard was governed by the 

concentration of phosphate ion in the decomposed sample 

solution. Calibration curves generated on successive days 

showed no significant change indicating that the 

calibration procedure need not be done daily unless the 

quality of results desired dictated more frequent 

calibration. 
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Results and Discussion 

The technique described involves the decomposition of 

the sample in a quartz tube using hydrofluoric acid with 

the liberation of phosphorus and silicon tetrafluoride 

gases. The volatilized phosphorus species were trapped and 

dissolved in the eluent and the non-volatilized part 

remained on the quartz wall (6). The trapping solution was 

poured back into the quartz tube to dissolve the non-

volatilized phosphorus residue. 

The optimum sample is below 100 mg. If samples bigger 

than 100 mg are used, a larger volume of the hydrofluoric 

acid will be needed. Greater volumes of acid cause excess 

condensate to form on the quartz wall leading to difficulty 

in obtaining high recovery of the phosphorus. Samples 

below 10 mg were avoided whenever possible to minimize the 

weighing error associated with measurements of this 

magnitude using an analytical balance sensitive to the 

nearest 0.1 mg. 

The results of these analyses are given in Table XI. 

Agreement with the literature values is in general quite 

good. The recovery was approximately 99.4-149.0 per cent 

compared with neutron activation analysis, 55.9-128.0 per 

cent compared with wet chemical techniques, and 106.2-147.9 

per cent compared with x-ray fluorescence. The relative 

standard deviation range was from 2.4-16.6 per cent. The 

relative standard deviation was larger with samples that 
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had a high percent carbon (7), such as SCo-1 and MAG-1. 

The organic carbon material reacted with hydrofluoric acid 

causing a solid residue inside the quartz tube. The exact 

nature of the organic carbon material is critical to the 

interference of the base line on the chromatogram if these 

substances are not totally decomposed as shown in Figure 8, 

which is the chromatogram of STM-1. Figure 7, for 

comparison, is for BHVO-1. 

The decomposition step must be handled carefully as it 

is essential that the entire sample be thoroughly wetted 

with water and hydrofluoric acid before heating is 

initiated. The sample must be heated gently because the 

reaction with the hydrofluoric acid causes the sample to 

froth and the froth climbs the quartz tube walls. The 

frothing must be controlled in order to ensure complete 

decomposition of the sample. The one-hole stopper with a 

hose required extra cleaning after each use due to a thin 

white film which developed inside. The stopper and hose 

had to be cleaned by hand and occasionally dilute 

hydrofluoric acid had to be used to remove the residue 

after which the equipment was rinsed with distilled-

deionized water several times. 

The advantage of adding deionized water prior to 

adding hydrofluoric acid was to increase the solubility of 

silicate in order to provide more surface area of the 

silicate samples to react with hydrofluoric acid (6). In 
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addition, water will dilute hydrofluoric acid so that the 

excess F~ ions can bind and be given off as hydrogen 

fluoride (8). Use of nitric acid and perchloric acid are 

not required in the decomposition step because these acids 

cause severe error in the amount of phosphorus due to the 

existing amount in the original acids. 

Several types of containers have been utilized in the 

decomposition step, such as plastic bottles and teflon 

dishes, but none were able to be used due to the 

temperature limits they can tolerate. Also, using an open 

quartz tube SGR-1 showed only 25-30 per cent recovery of 

phosphorus. The other seven samples showed no results. 

Trapping the volatilized gases in an ice bath showed no 

significant improvement. The quartz tubes used in this 

work have been used over 10 times each and are still 

capable of being used additional times. 

Use of the Wescan anion column with the Dionex ion 

chromatograph requires at least 30 minutes stabilization 

before injection in order to allow the baseline to 

stabilize. The advantage of the Wescan anion column is 

that it allows the detection of phosphorus with minimal 

interference from fluoride. 

Conclusion 

This method has several characteristics which make it 

a useful analytical technique. These include 
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a) Inexpensive, does not require extensive training in 

order to perform; 

b) The technique does not involve the addition of 

chemicals to the solution to be analyzed, thus minimizing 

the chances of contamination or interference; 

c) The technique is rapid, each sample requires only 

about 25-30 minutes to analyze; 

d) The technique provides a precision which is often 

adequate for routine analysis, especially considering the 

speed and cost effectiveness of the method. 



60 

Chapter Bibliography 

1. Maxwell, J.A., editor, Rock and Mineral Analysis, New 
York, Wiley, (1968), pp. 187-193. 

2. Kolthoff, I.M., and Elving, P.J., Treatise on 
Analytical Chemistry, edited by W. Rieraan III and 
J. Beukenkamp, Part II, Vol. 5, New York, 
Interscience, (1961), pp. 317-402. 

3. Fabbi, B.P., and Espos, L.F., U.S. Geol. Surv. Prof. 
Pap., 840, (1976), 89-93. 

4. Johansen, 0., and Steinnes, E., Geostandards Newsl., 
3(#1), (1979), 47-49. 

5. Small, H., Stevens, T.S., and Bauman, W.C., Anal. 
Chem., 47, (1975), 1801-1809. 

6. Iler, R.K., editor, The Chemistry of Silica, New York, 
Wiley, (1979), pp. 40-45. 

7. Kennedy, W.T., Hubbard, W.B., and Tarter, J.G., Analyt. 
Lett., 16(A15), (1983), 1133-1148. 

8. Tatlok, D.B., Flanagan, F.J., Bastron, H., Berman, S., 
and Sutton, A.L., U.S. Geol. Surv. Prof. Pap., 
840, (1976), 11-14. 

9. Walker, G.W., Flanagan, F.J.., Sutton, A.L., Bastron, H., 
H., Berman, S., Dinnin, J.I., and Jenkins, L.B., 
U.S. Geol. Surv. Prof. Pap., 840, (1976), 15-20. 

10. Schultz, L.G., Tourtelut, H.A., and Flanagan, F.J., 
U.S. Geol. Surv. Prof. Pap., 840, (1976), 21-23. 

11. Manheim, F.T., Hathaway, J.C., Flanagan, F.J., and 
Fletcher, J.D., U.S. Geol. Surv. Prof. Pap., 840, 
(1976), 25-28. 

12. Flanagan, F.J., and Carroll, G.V., U.S. Geol. Surv. 
Prof. Pap., 840, (1976), 29-32. 

13. Flanagan, F.J., Wright, T.L., Taylor, S.R., Annell, 
C.S., Christian, R.C., and Dinnin, J.I., U.S. 
Geol. Surv. Prof. Pap., 840, (1976), 33-39. 



61 

14. Snavely, P.D., MacLeod, N. S., Flanagan, F.J., Berman, 
S., Neiman, H.G., and Bastron, H., U.S. Geol. 
Surv. Prof. Pap., 840, (1976), 7-10. 



CHAPTER V 

ION CHROMATOGRAPHIC DETERMINATION OF HALIDES AND CYANIDE 

IN ORGANIC PESTICIDES AFTER LITHIUM FUSION 

Introduction 

The determination of halogens and cyanide in 

pesticides has several advantages, these include: the 

activities test, the toxicities test, and the residual 

analyses. Several methods have been proposed for the 

determination of halogens in organic compounds including 

closed flask-combustion (1), oxygen combustion tube (2), 

metal bomb (3), gravimetric methods (4), and other methods 

for specific halide determination, such as fluoride-

sensitive electrodes for fluoride (5,6), and iodometric 

method for iodide and/or bromide (4). These processes, 

however, are frequently subject to matrix interference of 

one halide ion upon the detection of a second halide ion. 

None of the conventional methods listed above are 

entirely satisfactory for use in the simultaneous 

determination of these halide ions, particularly on the 

microchemical scale (7). Ion chromatography (IC) (8) has 

been proven to be a highly accurate technique for the 

determination of halide ions using conductometric detection 

to measure fluoride, chloride, and bromide ions and 

62 
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amperometric detection to measure cyanide ion to the part-

per-million range (7,9). 

In a previous work (10), Wang reported a method for 

the determination of halide ions in reagent grade organic 

compounds using ion chromatography after decomposing the 

samples with sodium metal. This method had been tested 

with five pyrethroid samples with the percent recovery for 

halides ranging from 75.5-97.9 per cent and for CN from 

71.5-97.9 per cent but with high relative standard 

deviations. When pieces of sodium metal were added to the 

pyrethroid samples, a very rapid reaction took place 

resulting in a non-reproducible loss of sample. 

The lithium fusion-IC method described in this chapter 

provides an inexpensive but efficient mechanism for the 

analysis of halides and cyanide in organic samples, 

especially those samples which contain a low percentage of 

the active ingredient (a.i.) and for some low temperature 

tolerant compounds represented by pyrethroid insecticides 

(11,12). In addition, seven chlorinated pesticides were 

also tested. No difficulty was found in handling these 

compounds. 

Materials and Method 

Apparatus. A test tube (0.75" x 6"), a one-hole 

rubber stopper with a 3-inch piece of 3 mm OD glass tubing, 
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a rubber hose, a 100 mL beaker, and a bunsen burner were 

all used in the sample preparation. 

The determination equipment included an ion 

chromatograph (Model 10; Dionex Corp., Sunnyvale, 

California) with a conductivity detector set at 15-60 ;uS 

range, an amperometric detector applied +0.4 V at 10 /JA/V 

full scale. A pre-column (HPIC-AG3), a 250-mm anion 

separator column (HPIC-AS3), and a fiber suppressor column 

(also from Dionex). In addition, 25 mm 0.2 /im pore-size 

membrane filters were used to prevent clogging of the 

analytical column. 

Reagents and Materials. The eluent used was a mixture 

of 0.002 M NaOH and 0.002 M Na CO„. Metallic lithium 
2 3 

weighing approximately 5-30 mg was used for each sample 

decomposition. Thirteen organic pesticide samples were 

used, their trade names and manufacturers are given in 

Table XII. The chemical names for each compound are given 

in Table XIII. 

All standard solutions of fluoride, chloride, bromide, 

and cyanide were prepared from NaF, NaCl, NaBr, and KCN 

(Matheson Coleman & Bell, Ohio) using the eluent solution 

as diluent in at least five different concentrations to 

construct calibration curves. The concentration ranges of 

the standard were 2-10 ppm for F , 5-60 ppm for Cl~, 3-15 

ppm for Br~, and 2-10 ppm for CN~". 
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TABLE XII 

ORGANIC PESTICIDES AND THEIR MANUFACTURERS. 

Pesticide Manufacturer 

Permethrin (10% a.i.) 

Cypermethrin (25% a.i.) 

Fenvalerate (20% a.i.) 

Deltamethrin (3% a.i.) 

Cyfluthrin (10% a.i.) 

Dicofol (18.5% a.i.) 

Diazinon (25% a.i.) 

2,4-Dichlorophenoxyacetic 
acid (2,4-D) (33% a.i.) 

Pentachlorophenol 
(PCP) (90% a.i.) 

Endosulfan (97.8% a.i.) 

Alphachlordene (99% a.i.) 

Heptachlor epoxide 
(99.3% a.i.) 

Endrin (99% a.i.) 

ICI. Co. (England) 

ICI. Co. (England) 

Sumitomo Co. (Japan) 

Roussel Uclof Co. 
(France) 

Bayer A.G. 
(West Germany) 

Rohm & Hass Co. 

Ciba-Geigy Co. 
(Switzerland) 

Vertac Co. 

Vertac Co. 

Hoechst Co. 
(West Germany) 

FMC Co. 

Stauffer Chemical Co 

Chevron Chemical Co. 
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Procedure 

Between 5-30 mg of sample was weighed into a clean, 

dry test tube in such a manner as to minimize splattering 

onto the tube wall. The sample size used was based upon 

the expected quantity of halide ion in the sample. No 

differences in results were observed with varying sample 

weights in this range. A piece of lithium metal about 5-30 

mg was cleaned until it was no longer covered with mineral 

oil. The piece of lithium was then cut into 10 or 15 

pieces and these pieces were transferred into the test 

tube. The one-hole rubber stopper was attached to the 

glass tubing and a rubber hose was placed on the tube. The 

other end of the rubber hose was submerged in 50 mL of 

eluent in a 100 mL beaker. 

The samples were gently heated using a bunsen burner 

to ensure the lithium metal entirely decomposed the organic 

compound. Heating was continued until all liquid had been 

removed or for approximately three minutes. The test tube 

was allowed to cool until cool enough to touch. This time 

interval allowed the non-evolved halides and cyanide to 

form as salts in the test tube. The stopper equipped with 

the rubber hose was carefully withdrawn from the test tube. 

A small aliquot of the trapping solution from the beaker 

was transferred back into the test tube and the tube was 

shaken and left to stand for 20 minutes to promote complete 

washing of the solid residue in the bottom of the tube. 
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This solution was then transferred back into the beaker. 

Washing the residue increased the yield by approximately 90 

per cent. There was no significant difference in recovery 

when the solution stood in the tube for two hours instead 

of 20 minutes. 

A clean 5-mL syringe and a filter holder with a 

membrane filter were flushed with the absorbing solution 

several times. The syringe was then reloaded, and a 2-mL 

solution of sample was injected through the filter into the 

0.1-mL sample loop of the ion chromatograph. The sample 

loop was thus charged with the clear absorbing solution, 

which eliminated the solid residue products and subsequent 

clogging of the column. 

Benzene was tested as a procedural blank, since it has 

been used as a general solvent in pesticides synthesis 

(13). No halide or cyanide ions were found. A very small 

2 — 

amount of SO^ was found in almost every sample as well as 

in the procedural blank except four solid pesticides; PCP, 

alphachlordene, Heptachlor epoxide, and Endrin. 

One problem might occur during the determination of 

the fluoride concentration using the normal eluent. This 

problem is caused by the addition of a large amount of 

lithium in excess of that needed to decompose the sample. 

The excess lithium creates a small response in the 

conductivity detector that is not totally separated from 

the fluoride ion peak. However, a small amount of excess 
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lithium is necessary to make sure all the sample can be 

decomposed. Usually, 5-30 mg of lithium cut into very 

small pieces will minimize this error. 

The results of the fluoride, chloride, bromide, and 

cyanide analysis by IC were calculated from calibration 

graphs prepared with the standard solutions mentioned 

previously. The concentration range for the standards was 

governed by the concentration of halide and cyanide ions in 

the sample solution. 

Results and Discussion 

Fluoride, chloride, and bromide ions can be easily 

detected by the conductivity detector following the 

suppressor column in the ion chromatography Cyanide ions 

can be detected by an amperometric detector. In order to 

reduce broadening and tailing of the cyanide peak, the 

amperometric detector has been placed immediately after the 

50-mm pre-column. An optimum potential, 0.4 V instead of 

0.2 V (9), was applied to the silver electrode to provide 

an optimum peak shape for the cyanide peak. One important 

result which must be noted is that the response of the 

relative peak height at high cyanide concentrations at any 

applied potential yields a curved rather than a linear 

relationship. 

The results of the analysis of thirteen samples are 

given in Table XIV. The percent recovery is in general 



70 

TABLE XIV 

RESULTS OF HALIDE AMD CYANIDE IONS ANALYSES IN THIRTEEN PESTICIDES 

pesticide 
CI Br 

F" 
CN 

permethrin 4 
(10% a.i.) 

Cypermethrin 4 
(25% a.i.) 

Fenvalerate 4 
(20% a.i.) 

Deltamethrin 4 
(3% a.i.,) 

Cyfluthrin 4 
(10% a.i.) 

Dicofol 4 
(18.5% a.i.) 

Diazinon 4 
(25% a.i.) 

2,4-D 4 
(33% a.i.) 

POP 4 
(90% a.i.) 

Endosulfan 4 
(97.8% a.i.) 

alpha-chlordene 4 
(99% a.i.) 

Heptachlor epoxide 4 
(99.3% a.i.) 

Endrin 4 
(99% a.i.) 

1.81 1.86 2.06 

4.26 4.27 2.14 

1.69 1.66 3.00 

1.56 1.30 2.70 

1.24 1.08 4,23 

0.95 0.91 1.05 0.15 0.14 5.19 

0.44 0.43 1.36 1063 1.62 3.08 

- 8.85 8.65 1.47 

- 1.07 2.75 

- 10.6 10.3 2.71 

60.0 59.4 1.01 

- 51.1 50.3 0.92 

- 62.1 61.1 1.45 

- 63.4 59.6 2.67 

- - - 55.3 54.9 1.15 

0.60 0.56 1.94 

a =» number of analysis 
a = per cent threory 
b » average per cent found 
c » par cent relative standard deviation 
a.i. = active ingredient 
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quite good. The average percent recovery for fluoride is 

97.1 per cent with 1.36 per cent relative standard 

deviation, for chloride 98.7 per cent with 0.92-3.08 per 

cent relative standard deviation, for bromide 95.5 per cent 

with 1.05 per cent relative standard deviation, and for 

cyanide 88.6 per cent with 1.94-5.19 per cent relative 

standard deviation. 

Figure 9 is a chromatogram of Cyfluthrin illustrating 

the small sulfate peak, and Figure 10 is for a standard 

solution. 

The decomposition step must be handled very carefully. 

It is essential that the sample be-heated gently to prevent 

the liquid sample from climbing the test tube walls before 

reacting with lithium metal. The stopper and hose required 

cleaning after every use in order to make sure that no 

condensed residue remained inside the hose. This was done 

by rinsing with distilled-deionized water several times. 

Thermal decomposition of pesticides, without the 

presence of an active metal was unsuccessful. Trapping the 

volatilized gases in an ice bath did not significantly 

improve the recovery. And also dissolving the solid salt 

in the test tube with a small amount of 95 per cent ethanol 

after decomposition did not improve the recovery. 

Attempts to increase the recovery of cyanide were not 

appreciably successful due to the hydrolysis reaction that 

may convert some part of the lithium cyanide to lithium 
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Figure 9. Chromatogram of cyfluthrin pesticide 

after decomposition. 
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Figure 10. Chromatogram of four standard anions, 
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formate and ammonia gas (14), as shown by the reaction 

LiCN + 2H2 0 NH3 + HCOOLi 

Thus, cyanide was not found in the Diazinon sample 

when tested for a determination of impurities, only 

chloride was found as shown in Table XIV. The formate ion 

formed was not detected in this working mode. However, it 

can be determined by employing a concentrator column 

instead of a sample loop (15). 

The volume of eluent used need not be 50 mL, but a 

smaller volume may cause a problem in submerging the rubber 

hose in the eluent. On the other hand, a larger volume 

will lower the concentration of the target anions, which 

consequently will decrease the signal to noise ratio, 

possibly to an unacceptable level. In excess of 500 

samples have been decomposed using this procedure and the 

procedure using metallic sodium (10) without any adverse or 

violent reactions. 

Conclusion 

This method has several advantages which make it a 

useful analytical technique. These include 

a) The technique can be performed with a sample 

containing a low percentage of active ingredient; 

b) The technique is rapid, each sample requires only 

30-40 minutes to analyze; and 
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c) The technique does not involve the addition of 

chemicals to the sample except for lithium metal, thus 

minimizing the chances of contamination or interference. 
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