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An ion chromatography (IC) procedure was developed for the determination of fluoride in fumes from 
arc-electric welding of steels with basic electrodes. The interference of metal ions was eliminated by passing the 
sample solution tbro~gh an on-line pre-column of a strong cation-exchange resin. Both a strong acid (H’ form) 
resin and a strong chelating (Na’ form) resin were experimented for this purpose. Linear response was obtained 

from 0.02 to 1 mg of fluoride (in a N-p1 loop), which corresponds to a concentration range from 0.15 to 7.5 mg/m3 
air (6 to 300% of the threshold limit value-time weighted average), for the experimental conditions used (2-h 
sampling periods, air flow-rate 17 I/cm’ . h, through a 1.2~pm pore size cellulose nitrate filter, from which a l-cm 
diameter disk was attacked and a~al~sed~. The short-term (within 30 magi precision of t e IC d~~~~iuati~~ was 
< 3% { 7 de~~rm~~~ti~~~~. The accuracy of the ~~~~c~d~r~ was evaluated by ana~~si~~ both s~n~~~~ic s~~~~~~~s and 
real samples, When sewxal mixed standard s~~~~i~~~s of ~~ori~c” ~~~~~~II~ and a~umi~i~rn(~I~~, covering the ranges 
and ratios of ~~ncen~r~~~~)~ Newels in real samples. were analysed, practically ~~a~~~ta~~~e ~~~rid~ recovery 
(9?-I~l~~ was found. When 13 samples with O.&I8 mg/I of fluoride were determined in parallel by IC ~O~O3-~.9 
rug injected) and a well established ion-selective electrode (BE) procedure, no bias was found: a linear regression 

[ICI = 0.99 ( 2 0.12) [ISE] -l- 0.9 ( i 1.4) ( confidence limits at 95% confidence level in parentheses) was obtained. 

1. Introduction 

Fluoride has been ide~ti~e~ as an irnp~~t~nt 
~~llu~~~t in arc-electric manual ~eIdin~ with 
basic electrudes, whose coating includes a large 
~rno~~t ~~~-~{~~, wiw) of salts of this anion, 
e.g., calcium fluoride and sodium fluoride [I-S]. 
In a programme developed in this Department 
/4,5] for studying the occupational atmosphere crf 
a large welding plant. a large number of samples 
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of fumes had to be analysed and procedures to 
expedite the fluoride determinations were con- 

sidered. Until recently, io~~select~ve electrode 
(ISE) p~~t~~tiometry was the main ~~c~~i~ue 
used for this purpose [6--l 11. In such measure- 

ments, the interf~~~n~~s of metal ions, of which 
iron(II1) and aluminium~II1) are usually the 
most important, are easily eliminated by com- 
plexation with 1 J-cyclohexylenedinitrilotetra- 

acetic acid (CDTA), or a similar complexant 
included in a “total ionic strength buffer” 

(TISAB) [h] added to the solution. Ion chroma- 
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to~~ap~y (IC) with conductivity detection is a 
sensitive technique of increasing relevance for 
ionic quantification in environmental samples. It 
has been applied to the determination of fluoride 
in several types of samples including air filtrates 
[ 10-131, and can be advantageous for determi- 
rations on welding fumes provided in~erfer~n~~s 
of metal ions are avoided. The same type of 
interferences occurs in IC with spectroscopic 
detection (UV-Vis, after post-column reaction 
[14], or fluorescence, in A1F2* form [lS]>. 

In the present case, the most frequent process 
in the plant was manual welding of mild steel 
with basic electrodes, which produces a large 
quantity of iron and some aluminium. Unless 
their interference is eliminated, those metals 
would provoke low resuhs for fluoride, due to 
the formation of stable metal ion complexes. 
When IC with conductivity detection was applied 
to airborne particulate matter from aluminium 
smelters [ 111, no marked interference of alu- 
minium was noted and the interference of iron 
was not considered. Therefore, no ~~~~~d~r~ to 
eliminate interferences was included in the ana- 
lytical method. IC was also applied to welding 
fumes [lo], but the procedure used to eliminate 
interferences was not explicitIy mentioned. On 
the other hand, complexation of iron(III) with 
cyanide, used to avoid the pr~~~~itation of iran 
hydroxides in EC determination of anions in 
natural waters [16], is not convenient for IC 
since the large affinity of the hexacyanofer- 
rate(II1) for the resins may provoke deteriora- 
tion of the columns. In addition, complexants 
like CDTA used in TISAB can provoke poison- 
ing of the columns by ac~umulat~o~~ probably 
due to the high charge of the ion. 

In the present study, alternative procedures 
for elimination of the iron(II1) interference in 
the determination were considered. There is 
currently much interest in using ~Qlid-phase 
extraction as a preparative technique for IC 
when cleaning up samples prior to analysis is 
required and dilution or filtration are unsuitable, 
like in the present case, where interferences and 
analyte are both soluble (17,181. In co~se~ue1~~~. 
it was decided to study the use of on-line solid- 
phase extraction for elimination of the interfer- 

ence, This paper reports the results of an evalua- 
tion study of an IC procedure, for the determi- 
nation of fluoride in welding fumes, which in- 
cludes elimination of iron(II1) [and alumin- 
ium( III)] by solid-phase extraction. In the 
evaluation, IC and ISE potentiometry were used 
in parallel for &omparison. 

2, Experimental 

Cassela AFC 123 personal samplers {with flow- 
rates ca, 17 l/cm2. h or 2 l/min) were used to 
collect fumes at the breathing zone of welders on 
cellulose nitrate filters (~illipore RAWP 043 00, 
1.2 pm pore size}. 

IC determinations were carried out in a 
Dionex 4000i ion chromatograph with a conduc- 
tivity detector, equipped with a HPIC AG4A 
pre-volume to screen foreign matter from the 
sample? a HPIC AS4A anion separator column 
and an AMMS anion micromembrane suppres- 
sor. The chromatograms were. recorded and 
manipulated in a Spectra-Physics SP4290 inte- 
grator {paper rate 0.5 cmlmin). 

A 50-,ul ~~~~~t~~~ loop was used. The eluent 
was a O-15 mM ~aH~~~~~*~ mM Na2C0, 
solution, at a flow-rate of 2 mlfmin. The sup- 
pressor regeneration reservoir was pressurized 
with nitrogen at 0.5 atm (1 atm = 101 325 Pa) to 
maintain constant flow (ca. 5 mllmin) of regeuer- 
ant (12.5 md3 I-12S03J$. measurements ,were 
made on the 100 pS/cm scale. 

The solutions were injected with polyethylene 
syringes through a cellulose acetate filter 
(Schleicher & Schuell FPO30/3, 0.2 pm pore 
size} and a cation-exchange pre-column (see 
below), both disposable fat high Levels of inter- 
ferent two pre-columns were used, see below). 

For ISE determinations, a fluoride ISE, a 
double-junction AgiAgCI electrode (Orion 94- 
09-00 and 90-02-00, respectively) and a Sargent 
Welch 6050 pH meter were used, measurements 
were carried out in a polyethylene cell, at 25.0 * 
0.2”t. with magnetic stirring. To control the pH 
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of the solution, a Philips GAHl 10 glass elec- 

trode was used. 

2.2. Solutions 

All chemicals were of analytical-reagent grade. 

unless otherwise stated, and all solutions were 

prepared with deionised water of resistivity > 14 
MLR cm. 

2.3. Procedures 

Filter extracts 
For comparison purposes, the following four 

different pre-treatments of the filter discs were 
used: (a) ultrasonic extraction with eluent during 

ca. 30 min; (b) extraction with water at ca. 70°C 
for 2 h, with magnetic stirring; (c) similar to (b) 
but with TISAB (pH 5.5) as extractor, at room 

temperature; (d) attack with concentrated HNO, 
at ca. 80°C (the destruction of the piece of filter 
was complete in 10 min). the acidity of the 

solution was neutralized with 300 ml of 5 M 
sodium hydroxide and, after cooling, the flask 
was filled with TISAB, the final pH of the 

solution being 5.2. In all cases calibrated flasks 
of 5 ml (the minimum volume necessary for a 
single ISE determination) were used for wet 
digestion. 

Procedures a and b were followed in IC and 
procedures c and d in ISE determinations. Ex- 

traction and analysis were carried out on the 
same day. 

Ion chromatography 
Calibrations. From a 1 g/l F-- standard stock 

solution prepared from NaF dried at llO°C, five 
or six F standards in the range 0,2-20 mgil 
were prepared daily in eluent (or in pure water, 
depending on the medium used for the F- 
extraction from the filters). 

The IC system was calibrated at the beginning 
of each run with a blank (matrix of the stan- 

dards) and the standards. To control within-run 
sensitivity changes, the highest concentrated 
standard was analysed after each group of live 
samples (i.e., after ca. 30 min) and the system 
was re-calibrated (one-point calibration). F 

concentrations were obtained automatically from 
calibration graphs based on peak height. Each 
determination took about 6 min (because sam- 
ples also contain NO, and SO:-, see Fig. 1). 

Metal ion interferences. The metal ion interfer- 
ences were eliminated by passing the sample 

solution through on-line pre-columns of styrene- 
based resin in strong acid Hi form, with 1.8-2 

mequiv. of cation exchange capacity (Dionex 
“On Guard H”). One unit was found to be 

enough up to ca. 10 mgil of iron(II1) [in the 
present case the aluminium(II1) concentration is 

low enough to be ignored], but two serial units 
were necessary to obtain quantitative fluoride 
recovery for higher levels of interferent (see 
discussion below). Alternatively, an on-line pre- 
column of styrene-divinylbenzene-based chelat- 
ing resin in Na+ form (Chelex-100, Bio-Rad) 

was used. One column with a bed (0.3-0.5 g) 
equal to an On Guard H (0.18-0.3 mequiv. of 
cation-exchange capacity) was enough in all 
situations. 

To check the precision and the accuracy of the 
results, mixed standard solutions of fluoride, 
iron(U) and aluminium(III), with concentra- 
tions in the ranges of 0.5-20 mgil, OS-20 mg/l, 

and 0.5 mgil, respectively, were analysed. 

Ii 

r- 

2 minutes 

Fig. I. A real-sample chromatogram obtained for 17.4 mgil 

F in welding fumes by IC. 



For ISE ~~t~rrn~~at~~~s a lite~tu~e procedure 
[G-lo] was followed. 

C~~~~~~~~~~~. Five standards covering the 
range of ~,2-~~ mgil were prepared as above 
but in TISAB. The TISAB was prepared as 
described in the literature [6] but with 5 g/l of 
CDTA. The adjustment by linear regression 
analysis showed no bias and a near theoretical 
slope down to 0.2 mgil, with high correlation 
~~~~~~i~~t (R > ~.9999~. This value was consid- 
ered as the practical detection limit for measure- 
ments. The F- electrode was calibrated at the 
beginning of each working day. 

3. Results and discussion 

When the eluent was injected through a on- 
line On Guard H ore-col~rn~ (H” form), a small 

baseline perturbation at the beginning of the 
~hromatogram was observed, which may overlap 
the peak of F- for low cun~entrations of the 
analyte. However, the injection of eluent 
through a sodium-saturated On Guard H pre- 
column gave no baseline perturbation. 

These results suggest that when the eluent 
passes through the On Guard H ale-~o~urnn, 
hydrogen ion is displaced out of the resin (R-) 
by the sodium ion from the eluent, which makes 
the solution acid (pH 4.5 at the exit of the On 
Guard H pre-column) 1 

~~a~~~C~~~(aq) + R -H- ++ 

Na’HCO,(aq) + R Nat 

a+~C~~~aq~ + R--H- +-+ 

H,O(l) t CO,(aq) + R.-Na’ 

Tam 1 

(1) 

(2) 

The loss of cations in the acid form of the 
eluent makes it a comparatively poor conductor, 
and this is the cause of the negative peak, simiiar 
to that found for water injection. 

These results shuwed that when an on-line On 
Guard H pxe-column is included in the system to 
remove metal ion interferences in the determi- 
nation of anions, the use of the eluent matrix 
does not completely prevent the occurrence of a 
baseline perturbation at the beg~~~i~g of the 
chromatogram, which disturbs the F- peak. 
Therefore, the. influence of this perturbation on 
the limit of detection of the procedure was 
investigated, For this purpose, ~a~~brat~Qns 
(blank and six standards in the range 0.2-20 
mgil) without (C1 calibration) and with blank 
correction (Le.) with the chromatogram of the 
blank deducted from each standard chromato- 
gram) (CZ calibration) were carried out, The 
relative errors associated to each standard peak 
height (!zt) in Cl calibration were calculated by 
the equation 

(h,., - h,.) - lUOlh,, 

It was found (Table 1) that the Cl procedure 
introduced an error of 43% for the lower stan- 
dard. The error decreased progressively for the 
more concentrated standards, and lost signifi- 
cance ( < 2.5%) for F- concentrations higher 
than IO mgil. Therefore, a blank correction is 
required for F- concentrations lower than 10 
mp/L. In the present work, the G2 procedure 
was used instead of Cl. 

When the eluent was injected through a un- 
line Chelex- 1 ~re-col~rn~~ no baseline per- 
turbation at the beginning of the chromatog~am 
was observed. This was expected because the 
resin was in Na’ form. A typical real~sam~le 
chromatogram obtained under these experimen- 
tal conditions is presented in Fig. 1. 



The ~f~~ie~cy of On Guard Ii and Chelex-1~~~ 
pre-columns to avoid metal in~erf~r~~~es in F 
determinatians was evaluated by measurements 
of the anion concentrations in mixed standard 
solutions of F-, Fe(II1) and Al(III), in which the 
con~e~~~at~ons of interferent ions ~ma~nitudes 
and i~~~rferent/F- ratios) were similar to or 
higher than those expected in ~~e~d~~~ fume 
samples. 

R~~~v~ry percentages (Table 2) between 97 
and 101% were found for rhe u: 
~ork~~~ ~on~e~~ration range, if a single Chetex- 
IO0 ~~e-~oI~rn~ or two Qn Guard I-I pre=c~l~m~s 
in series were used. A single On Guard H pre- 
column provided complete recovery only up to 
10 mg/l of both FP and Fe(III) and 0.5 mgil 
Al(II1). The results also suggest that a Chelex- 
100 pre-~~l~m~ allows better recovery (98-9976) 
than two On Guard H ~r~-c~~~rn~s for the 
higher levels of ~~~~e~tr~t~~~~, 

IS has been derno~str~~~d 119-221 that careful 
calibration over a wide range of ~~n~~~trat~~n 
( 3 two orders of magnitude) in anionic IC with 
conductivity detection involving background sup- 
pression of a weakly basic eluent, reveals that 
the signal may be not a perfect linear function of 
the sample ~o~~entratio~ (or, more precisely, of 

Table 2 

the ~~~~~~ed mass of analyte). Deviations from 
linearity occur caused by the bydroge~ ions in 
the sample band passing the detector. These 
hydrogen ions wilt ~~fl~en~e the dissociation 
equilibrium of the carbonic acid. Therefore, the 
conductance of the baseline during sample elu- 
tion will be lower than the background level 
corresponding to the eluent alone. Therefore, 
reliable results require CaIibrati~ns and rne~s~re- 
ments in a ~~rrow range of analyte ccmcen- 
tration. However, as environmental samples 
often show concentration levels dispersed in 
quite broad ranges, ~~~ibrati~~ in a narrow range 
reduces the practical interest crf the rne~~~d~ 

In the present work, linear repression was 
applied to a seven-point (six standards and 
blank) calibration in the range 0.2-20 mg/l of 
F-, and perfect linearity was obtained. There- 
fore, none of the procedures suggested by Mid- 
gley and Parker [Zl] in ordx to seduce errors 
was applied to the ca~i~~atio~ data. From the 
intercept and standard deviation of a typical 
calibration curve, peak height = 40.1 ( * 0.8) 
IF”-‘1 - 3.5 ( I: 6.8) (95% confidence limits in 
~are~~h~s~~)~ the d~tec~~o~ limit of the proce- 
dure was ~aI~~Ia~ed 1231. A value of 0.4 mgll or 
t),W pg F I was found, which corres 

!Y 
onds to 4 

pug for each filter disc (or 0.15 pgirn air, for a 

2-h sample) s 
The range of concentrations 0.4-20 mg/l F- 

was found to be satisfactory for the majority of 
samples. When samples with higher I? concen- 
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trations were measured, accuracy was preserved 
by dil~t~#~ of the sample solution. For lower F- 
~o~~entr~tions a more sensitive conductivity 
scale can be employer in the detector (see 
below). 

The &hr~matographic system must be re-cali- 
brated periodically during the working day, 
because the precision usually diminishes along 
the run, as discussed below. For this purpose, to 
save time, one-point (blank and one standard) 
calibrations are recommended 1241. In this work 
the highest standard (20 mgil F-) was used for 
these one-point re-calibrations. To ensure that 
this procedure preserved the response charac- 
teristics of the system, the reference factor, F; = 
peak height/[F-] = 39.5 mS - IJmg, was com- 
pared with the slope of the calibration curve 
(40.1 + 0.8 mS - limg). As both values were 
identical at 95% confidence level, the one-point 
calibration was considered acceptable. 

3.4. Precision 

Homogeneity of fume depusiiion on the filter 
As found in a previous work 

geneity of particle deposition OR the filters allows 
determination on discs of 1 cm diameter. 

The precision of the chromatographic response 
was evaluated by repeated measurements (six 
measurements in 30 min) on mixed standard 
solutions, at different levels of F- and interfer- 
ents. The results (Table 2) show that the preci- 
sion was generally less than 3% when On Guard 
H pre-columns were used and up to 0.5% for a 
~he~ex-~OO pre-column. 

To check wether the filters used for sampling 
contributed with F- , twelve discs cut at random 
from several blank filters were treated by pro- 
cedure (a) and measured by IC. For this pur- 

pose, a more expanded conductivity scale, 10 
pS/cm, and calibrations in the range 0,05-1.0 
mgll F- Go~centratio~s were used. For these 
experimenter conditioner the practical detection 

limit [23] was 0.03 mgll (or 1.5 ng) of F-. Levels 
of F- in the range ~~03-0.09 mgll, with mean 
0.06 + 0.02 mgil (or 0.6 I?I 0.2 pg for each filter 
disc), were obtained. These values co~es~n~ to 
15% of the detection Limit value and ~~3% of the 
maximum concentration determined by the pres- 
ent procedure. Similar studies were carried out 
for both ISE procedures, but in consequence of 
the relatively higher detection limit of the ISE 
technique, ca. 0.2 mg/l, F- was not found. It 
was concluded that the contribution to F- from 
filters was negligible. 

As the sample Poe-treatment depended on the 
analytical technique used for measurement, the 
final results could depend on both stages of the 
procedure, and therefore it was decided to 
investigate them separately. 

Extractions. To extract welding fumes from 
filters, HCl solutions have been recommended 
for ISE determination of F- [9]. However, acid 
solutions are unacceptable for IC determination 
of F-, because the eluent is alkaline. Besides, 
with HCl as extractor [9], a large Cl- peak 
would occur overleaping the F- peak, because 
their retention times are similar. 

To evaluate the influence of wet digestion on 
the amount of fluoride extracted, pairs of discs 
cut from six filters were treated in parallel by 
procedures a and b (see above) and measured by 
IC. The same procedure was applied to compare 
the fraction of fluoride extracted by procedures c 
and d for ISE determinations, but sixteen sam- 
ples were used, The fluoride concentrations in 
solution were in the ranges 1.1-20 mgll (IC) or 
0.6-23 mgil (BE). Linear least-squares adjust- 
ment of each set of results yielded the following 
equations (95% ~an~den~e limits in parenthe- 
ses [25])? [(a)K] = 0.938( * 0.~92) - [(b)IC] + 
0.41( It 0.93), R = 0.998, and [(c)RX] = 
1.067( + 0.093)* [(d)ISE] - 0.3( f 1.3), R = 
0.989. These results show no evidence of relative 
or fixed bias in the measured range, which means 
that the two extraction procedures used for each 
type of determinatian yielded the same fraction 
of fluoride. 

IC VS. BE. The F- contents of the thirteen 
samples, in the range 0.6-18 mgil, were de- 
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0 a 
0 5 &c 15 20 

Fig. 2. Comparison of (a)iC vs. (d)lSE methods for F 

determination from welding fumes (see details in the text). 
Values along axes in mgil 

termined in parallel by the (d)ISE procedure 
(attack with HNO,) and by the (a)IC method 
(eluent extraction). A linear regression of IC vs. 
ISE results (Fig. 2) yielded the equation (95% 
confidence limits in parentheses) [ (a)IC] = 
0.99( + 0.12). f(d)ISE] + 0.9( ? 1.4), with R = 
0.983. These results show no relative or fixed 
bias at the measured concentration level. There- 
fore, the proposed IC procedure is considered to 

be acceptable for determination of F-- from 
welding fumes of the present type. 

Moreover. these last results together with 
those obtained in the comparison of the ex- 
traction procedures. which showed that (a)IC 
and (b)IC as well as (c)ISE and (d)ISE were 

equivalent, show that the fraction of F ex- 
tracted from the filter was independent of pH 

and of the composition of the solution. Thcsc 
results show that no significative losses of volatile 
HF occurred during the digestion with HNO,. 

They also suggest that all the F in the welding 
fumes under monitoring was water soluble. 

4. Conclusions 

The present results show that interferences of 
metal ions in the IC determination of F- in 
welding fumes can be effectively avoided by 

passing sample solutions through On Guard H or 
Chelex-100 in Na- form on-line pre-columns. 
The latter seems more convenient since it allows 

better precision and accuracy and does not cause 
any baseline perturbation when samples with 
eluent as matrix are injected. It was shown that 
the fraction of F extracted was not affected by 

pH variation over a broad range ( < o-10.5) and 
that mild extraction conditions to aqueous solu- 
tions required by IC are adequate. 

IC is preferred to ISE when maximum sen- 
sitivity and/or speed is required. IC is also more 
versatile as a measurement technique. Although 
the ISE technique can be used in a large range of 
fluoride concentration (0.2-200 mg/l), this range 
cannot be modified by altering experimental 
conditions, since both the filter area and dilution 
volume were fixed. In contrast, IC has a nar- 
rower range of linear response (0.4-20 mg/l F- 
in the proposed procedure), but the operational 

range can be moved to higher or lower con- 
centration levels by changing operational param- 

eters, e.g. loop capacity, eluent concentration, 
the sensitivity of the detector, etc. For instance, 
a detection limit for the IC procedure one or two 
orders of magnitude lower than for ISE poten- 
tiometry can be obtained, which is particularly 
suitable for determinations at low concentrations 

of fluoride in air or for short periods of sampling 
(grab samples). These are useful for measure- 
ment of concentration fluctuations during the 
working day. 

In conclusion. the IC approach provides a 
sensitive procedure of measuring F- from weld- 

ing fumes. Moreover, the technique has consid- 
erable potential for the simultaneous measure- 

ment of other of inorganic anions in the sample. 
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