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ABSTRACT 
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INTRODUCTION 

In order to find the best conditions for wastc- 
water treatment, a distillation-GC method with 
Aame ionization detection (ND) has been described 
to determine the volatile fatty acids in landfill lea- 
chutes [I]. However, FID cannot detect formic acid 
owing to its combustion products, CO2 and Hz0 
[2]. Macover, problems alway exist because of the 
high polarity of the acids, which lead to asymmetric 
peaks or ghosting [3,43. High-tcmperdture condi- 
tioning is often needed to overcome these cffects,[l]. 

----__.._4_ 

In this paper, the determination of volatile fatty 
acids in landfill leachatcs by HPLC-UV detection 
after distillation is described. From previous stud- 
ies, a 75% distillate collection after discarding the 
first 7.5% of light-end distillate was judged to be the 
best pretreatment of the tcachate sample for chro- 
matographic analysis [I& The performance of the 
HPLC-UV method was compared wi{h thut of the 
GC-FID method. The rdrnples analysed were ica- 
chaws from the T&hung sanitary landfill. 
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ln gcncrul, HPLC appears to bc superior to GC for 
determining organic compounds with high polarity 
and low volatility. Both reversed-phase and cation- 
cxchangc columns have succeeded in separating or- 
ganic acids, followed by mass spectrometric detec- 
tion [S,61. 



EXPERIMENTAL 

A Shimadzu (Kyoto, Japar 1 LC-9A system 
equipped with 8 Rhcodync Model 7125 injection 
valve (20-111 sample loop) was used, A Sphcrisorb 5 
ODS column (250 mm x 4.6 mm 143.) (Sup&o, 
Ekllcfonte, PA, USA) was used to scptimtc the fatty 
acids. A Soma Model S-3702 UV detector tind a 
Shim:tdzu GR6A Chromutopac intcgrutnr wcrc 
used to dctcct and record the chronuttogr~ttns. A 
Radiometer PHM 82 pH meter with a glass clcc- 
(rode was used for pH mcasuremcnts. 

Distilled. dcionizcd water was used LO prcprrrc all 
solutions. Stock standard solutions ( 1000 /cg/ntlf of 
formic, acetic. propionic. ~&utgric nnd isobutyric 
acids were prepared from ACS reagent-gruJc chcm- 
icals (Ricdd-dc Hfen, Germany). Working stan- 
dard solutions of these acids were prcparcd fresh 
daily by appropriate dilution of the stock standard 
solutions with water. The sulphuric acid used in the 
distillation proem and to adjust the pH of clucnt 
was of ultrapure grade from Aldrich (Miiwaukce, 
WI. USA). The chromatographic clucnt was pre- 
pared from HPLC-grade methanol (Mallinckrodt. 
St. Louis, MO. USA) and water. the pH being ad- 
justcd with 0.05 A4 sulphuric acid. All ciucnts wore 
Liltcrcd through ;t 0.45.cn’tl PVDF mcmbrtmc i&r 
and degassed by sonication before use. 

Prctrcatmcnt of Icaehutc samples \+‘tts pcrfornxci 
by distillation. Sulphurio acid was ;tddcd to increi\sc 
the recovery of volatile fatty acids. The assembly of 
the distillation apparatus and the opcradng proce- 
durcs wcrc as dcscribcd previously [I]. An aliquot of 
75 ml of distillate was cdiectcd for HPJX-UV 
analysis nt’tcr the first 7.5 ml of distiilntc had bLxn 
discarded. 

Elution was performed with a How-rate gradicnr 
to shorten the running time. The clucnt INIS methit- 
nol -water (397, v/v) of pH 4.0. adjusteri with 0.05 
M sulphuric acid. The tlow-rate gradient \vas ini- 
tially I .O ml;min for 5 min. incrcwscd to 2.0 ml;min 
tn 3 min. held for 7 min. and fitwliy dccratscrt to f .O 

ml.‘min in 3 min. 

In the dctcrmination of volatile fatty acids by 
GC, asymmetric peaks and ghosting phenomena of- 
ten appear because of the high polarity of the fatty 
acids. These m;ty crcittc ditlicultics in peak idcntifi- 
cation and lead to quantitative crrurs. Unfcmunatc- 
ly. GC-FID cannot determine formic acid. In a prc- 
vious study f1]. no formic acid was detcctcd by GC- 
FID even when the concentration \vas raised to 
2000 ~tgfrnl, In order to ovcrcomc the shortcomings 
of GC-FID in the determination of volatile fatty 
acids, the HPLC-UV method was cxamincd for this 
application. 

HPLC is a useful tcchniquc for separating organ- 
ic compounds of high polarity and tow volatility. 
For the dctcrtnitlation of firtty ucids with UV dctec- 
t ion, the wavelength should be set at 2 IO nm, which 
is the mtiximum ubsorption wavelength for fatty 
acids. HowQvcr. the busclinc was not st4bIe at this 
wavclcngth, so 230 nm was sclcctcd. Owing to their 
high polarity. short-chain fatty acids arc only brief- 
ly rctrrined on the OUS column. However. the scp- 
oration of formic acid from ticctic acid is very dif% 
cult with an cluent of relatively high polarity. 8ascd 
on the p& diffcrcncc lxtwccn formic acid (3.75 at 
20°C) and acetic acid (4.75 at 20°C). an ion-suppres- 
sion tcvhniyuc was employed to improve the sep- 
ari\tion. The cluent pH w;1s adjust& to 3.0 (based 
on calibration of the pH meter in \;ater). Fig. 1 
shows the chromatograms of volatile fatty acids ob- 
taint& for (a) a standard solution and (b) a real 
sample. Formic acid was scp;aratcd from xctic acid 
und was detected by the UV detector. and the iso- 
IWYS of isohutyric and cl-butyric acid wcrc also scp- 
amted. 

Because the volatile fatty acids do not contain 
strong UV-rtbsorbing groups. their detection would 
lx poor. Hawcvcr. the conantrations of volatile 
fatty acids in landfill leachatcs are generally high. 
Thcreforc, the applicability of the HPLC-UV 
method to the determination of volatile fatty acids 
in lcachatcs is not afkctcd. 

To test the applicabiiity of the method to analysis 
of real samples for volatile fatty acids. the standard 
addition method \vas used. A scrics of S-ml volumes 
of standard acid solutions with diRerent concentra- 
tions wcrr: a,,&,d individually to %-ml landfill lea- 
chatc sampIt... After distillation pretreatment and 
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HPLC-UV dctmnination, calibration graphs wcrc 
constructed for the five volatile acids, They ult 
showed good tincarity with correlation coefficients 
~0.999. These rcsufts imply that the WPLC-UV 
mothod with an appropriate samptr: prctrcatmcnt 
can bu useful for ;ho dctcrmination of volatitc fatty 
i)Ms in landfill Icuchatc. 

ksults of rcplicatc mt‘wwcmcnts c\n leaohatc 
samples from the Tfaichung sanitary landtill arc giv- 
en in Table I, The vatucs obtuincd and their stan- 
dnrd deviations arc comparable to those obtained 
by GC.- FID cxccpt that the dctcctictn of Formic acid 
was impossible by GC-FID. The resuW confirm 
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TABLE i 

COMPARISON OF THE RESULTS OBTAINED BY GC-FID AND HPLC-UV METHODS 

397 

Volatile HPLC-UV G C - F I D  
fatty acid 

Concentration R.S.D. (%l"  Concentration R.S.D. (%)" 
(ps/ml) (pgtmi) 

Formic 680 2,32 - - 
Acetic 728 |.73 713 1.95 
Propionic 53 ! 2.14 523 2.44 
Isobutyric 548 3.38 560 2.72 
n-Butyric 479 1.60 485 2.29 

* Relative standard dcviatiot~ for five determinations. 

the applicability of  the distillation-HPLC- UV pro- 
cedure to the determination o f  volatile fatty acids in 
landfill leachates if a 23-rain separation time is ac- 
oeptable. 

CONCLUSIONS 

In contrast to the G C - F I D  method, the HPLC- 
UV procedure is able to determine formic acid and 
is free from ghosting, although it is more timecon- 
suming and has poorer detection limits than GC-  
FID. The method is suitable for the determination 
of  volatile fatty acids in landfill leachates. 
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