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Abs tract

A fast and sen si ti ve pro ce du re was de ve lo ped for de ter mi ning o-cr esol in wa ter sam ples, by 
using a ho me ma de light emi tting dio de (LED)-b ased pho to me ter (l= 590 nm), a 10 cm op ti cal
path way cell and the mi cro- pum ping stra tegy. The method is ba sed on the mea su re ment of the
for ma tion of o-cr esol de ri va te with 100 mg/L p-am inoph enol (PAP) and 0.004 mol/L KIO4 in pre -
sen ce of NaOH 0.06 mol/L. Two diffe rent metho do lo gies have been com pa red; (i) batch analysis
in a con ven tio nal spec tropho to me ter using an op ti cal path way cell of 1 cm, (ii) mul ti commu ted
flow in jec tion pro ce du re and a por ta ble LED- ba sed pho to me ter (25 cm x 22 cm x 10 cm, 3 Kg)
with a 10 cm cell length. O-cr esol reac tion re qui res ca. 17 min for the full de ve lopment of the co -
lour with PAP. Ne ver the less, the de ve lo ped pro ce du re was ca rried out in the stopped- flow mode
using a reac tion time of 3 min. Good re sults were ob tai ned and the ca li bra tion equa tion was I =
(170 ± 5) Co-cr esol + (0 ± 9) with R = 0.9993. Li mits of de tec tion of 10 and 80 ng/mL and re pea ta bi -
lity of 2.8 and 1.9 % re la ti ve stan dard de via tion were ob tai ned for the 10 cm cell and for the con -
ven tio nal 1 cm cell, res pec ti vely. Mul ti commu ta tion, using a long path way cell (10 cm), has
shown a higher sen si ti vity, but it only per mi tted a ma xi mum of 20 de ter mi na tions per hour, as
low as batch pro ce du re. o-Cr esol can be de ter mi ned in wa ter sam ples and re co ve ries from 92 to
105 % were found in spi ked tap, was te and irri ga tion wa ters. The pai red Stu dent’s t test com pa -
red with batch data was lower than the theo re ti cal t va lue (2.306) for a 95% pro ba bi lity le vel and
8 de grees of free dom.

Key words: Light emi ting dio de; mul ti commu ta tion analysis; long op ti cal path way;
o-cr esol; pho to me ter.
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Un procedimiento sensible para determinar o-cresol
empleando multicommutación y un fotómetro portatil

con celda de paso óptico largo

Re su men

Se ha de sa rro lla do un pro ce di mien to rá pi do y sen si ble para la de ter mi na ción de o-cr esol
en aguas em plean do un fo tó me tro fa bri ca do en nues tro la bo ra to rio con un dio do emi sor de luz
(LED) (l= 590 nm), una cel da de me di da de paso óp ti co de 10 cm y mi ni bom bas para la in tro duc -
ción de reac ti vos y mues tras. El mé to do se basa en la me di da de la ab sor ción del de ri va do del
o-cr esol con 100 mg/L de p-am in of enol (PAP) y 0,004 mol/L KIO4 en me dio NaOH 0,06 mol/L.
Se han com pa ra do dos me to do lo gías di fe ren tes: (i) Aná li sis en re gi men es ta cio na rio en un es -
pec tro fo tó me tro con ven cio nal usan do una cel da con paso óp ti co de 1 cm, y (ii) un pro ce di mien -
to por in yec ción en flu jo mul ti commu ta do en un fo tó me tro por ta til de LED (25 cm x 22 cm x 10
cm, 3 Kg) con una cel da de 10 cm de lon gi tud. El o-cr esol ne ce si ta un tiem po de reac ción de 17
min para el com ple to de sa rro llo del co lor con el PAP. No obs tan te, el pro ce di mien to de sa rro lla do
se lle vó a cabo en flu jo pa ra do em plean do un tiem po de reac ción de solo 3 mi nu tos. Se ob tu vie -
ron bue nos re sul ta dos y la ecua ción del ca li bra do fue I= (170 ± 5) Co-cr esol + (0 ± 9) con un
R= 0,9993. Se ob tu vie ron lí mi tes de de tec ción de 10 y 80 ng/mL y pre ci sio nes de 2,8 y 1,9 % en
tér mi nos de des via ción tí pi ca re la ti va para las cel das de 10 cm y de 1 cm, res pec ti va men te. La
mul ti commu ta ción, em plean do la cel da de paso óp ti co lar go (10 cm), ha mos tra do una ma yor
sen si bi li dad y per mi te, al igual que el pro ce di mien to en ré gi men es ta cio na rio, 20 de ter mi na cio -
nes h-1. El o-cr esol se pue de de ter mi nar en mues tras de agua y las re cu pe ra cio nes ob te ni das
para mues tras adi ti va das de agua po ta ble, re si dual y de rie go fue ron de en tre el 92 y el 105%. El
test de Stu dent’s por pa re jas, apli ca do a la com pa ra ción de los re sul ta dos dió un va lor me nor
que el teó ri co para un 95% de pro ba bi li dad y 8 gra dos de li ber tad (2,306).

Key words: Analysis por mul ti commu ta ción; fo tó me tro; o-cr esol; paso óp ti co lar go.

In tro duc tion

Phe nol and phe nolic com pounds, such
as cre sols, re sor ci nol and amino phe nol, are
con sid ered as air and wa ter pol lut ants due
to their bio logi cal ef fects on hu mans (1).
How ever, these prod ucts are widely em -
ployed in in dus trial manu fac tur ing for the
pro duc tion of pho to graphic de vel op ers, ex -
plo sives, syn thetic res ins, phar ma ceu ti cals, 
dis in fec tants, fu mi gants or ad he sives. Auto -
mo bile ex haust, to bacco smoke and pet rol
re fin er ies also con trib ute to the emis sion of
phe nols to the en vi ron ment. So, phe nolic
prod ucts must be con trolled in en vi ron -
mental sam ples.

Cre so lic com pounds oc cur at many
pro duc tion plants as sec on dary prod ucts.
The toxic ef fects of these prod ucts are simi -
lar to those of phe nol, but o- and m-cr esol
are more poi son ous (2). Dif fer ent na tional
and lo cal norms for safety in work ing ar eas
have stated that the maxi mum tol er able
time- weighted av er age (TWA) val ues for
cre so lic com pounds are 5 mg/L and 22
mg/m3 (3).

The most com monly used meth ods for
the de ter mi na tion of o-cr esol com pounds
are chro ma tographic meth ods (4-6). Some -
times spec tro fluoromet ric and in fra red
meth ods have also been used (7-9). Few re -
sults have been re ported for the ultraviolet-
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 visible spec tro pho tomet ric de ter mi na tion of
cre sols, be cause these com pounds usu ally
ab sorb in the UV re gion, which in volves se ri -
ous prob lems from ma trix in ter fer ences.
The spec tro pho tomet ric de ter mi na tion of
cre sols there fore re quires a de ri va ti za tion
pro ce dure that yields prod ucts which ab -
sorb in the visi ble range (10- 12).

In the last years, our re search group
has de vel oped a flow analy sis strat egy for
the spec tro pho tomet ric de ter mi na tion of
o-cr esol, m-cr esol, phe nol and re sor ci nol,
in wa ters (13, 14), based on the re ac tion
be tween phe nols and p- aminophenol (PAP) 
in an al ka line me dium and in the pres ence
of KIO4. It is well known that PAP is a phe -
nol de riva tive rea gent that is very sen si tive
for cre sol and re sor ci nol de ter mi na tion,
which pro vides dif  fer ent ab sor bance
maxima for each one of the phe nolic com -
pounds. Moreo ver, all these prop er ties
were taken in ad van tage of car ry ing out a
si mul ta ne ous ki netic spec tro pho tomet ric
de ter mi na tion of the afore men tioned phe -
nols us ing par tial least squares data treat -
ment (15).

How ever, all the pro posed tech niques
are ex pen sive and no port ables be cause of
the size and weight of the in stru ments re -
quired. Peri stal tic pumps are the most ex -
pen sive equip ment re quired to im ple ment
flow sys tems, and, for this rea son, in this
pa per we have de vel oped a port able, non-
 expensive and sen si tive pho tomet ric
method us ing micro- pump de vices to im -
pel the so lu tions, for the de ter mi na tion of
o-cr esol based on re ac tion with p-amin -
oph enol (PAP) in an al ka line me dium to
pro duce a col oured in do phe nolic com -
pound which pres ent ab sorp tion maxi -
mum at 590 nm us ing an or ange light
emit ting di ode (LED). The study has been
car ried out in batch and in mul ti com mu ta -
tion modes for the analy sis of natu ral wa -
ter sam ples with out pre con cen tra tion or
pre limi nary ex trac tion steps.

Ma te rials and methods

Appa ra tus

The flow sys tem com prised four so le -
noid micro- pumps Bio- chem 090SP Valve
Inc. (Boon ton, NJ, USA) with a nomi nal vol -
ume of 8 µL per pulse to in tro duce KIO4, PAP, 
NaOH and sam ples or stan dards re spec -
tively, a three- way so le noid valve NRe search
161T031 (West Cald well, USA) to as pi rate
se quen tially the sam ples in side the meas -
ure ment cell or the bub bles formed in the
sys tem, flow lines of 0.8 mm i.d. PTFE tub ing 
and a four line con flu ence con nec tor made
on acrylic were used to trans port and mix so -
lu tions. A mi cro com puter equipped with an
elec tronic in ter face card Ad van tech, PCL-
 711S (San José CA, USA) and a home made
elec tronic in ter face (see ref er ence (16) for de -
tails) were used to drive the so le noid de vices. 
The flow sys tem con trol and data ac qui si tion 
were per formed by the mi cro com puter run -
ning soft ware writ ten in Quick Ba sic 4.5.

Spec tro pho tomet ric meas ure ments
were made with a Hewlett- Packard Model
8452A di ode ar ray spec tro pho tome ter
(Wald bronn, Ger many), equipped with a 1
cm op ti cal path and 50 µL in ner vol ume flow
cell, and al ter na tively us ing a home made
LED- based pho tome ter, de signed to work
em ploy ing a flow cell of 10 cm long path-
 length and 315 µL in ner vol ume flow cell.
The elec tronic dia gram and the struc ture of
the LED- photometer are shown in Fig ure 1a.

The flow cell was made from a boron-
 silicate glass tube with an in ner di ame ter of
2.0 mm and was ma chined to pro vide two
plane win dows of ap proxi mately 0.15 cm2

sur face close to which both, the LED source
and the de tec tor, were mounted. The flow
cell is shown in Fig. 1b. The cell was in stalled 
in a PVC block that was ma chined to al low
that both, LED and pho to di ode, were at -
tached in front of flow cell ob ser va tion win -
dows. When the pho tome ter was switched
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ON the base line can be ad justed main tain -
ing the dark con di tion (LED dis able for ra -
dia tion emis sion) and flow cell filled with
car ried so lu tion. Next, the out put sig nal (S)
was ad justed to 0.0 mV by mean of the vari -
able re sis tor wired to the no in vert ing in put
of the op era tional am pli fier. Af ter wards, the

LED was en abled to emit ra dia tion turn ing
the vari able re sis tor wired to the base of the
tran sis tor (BC547). The ra dia tion emis sion
in ten sity was in creased up till the out put
sig nal (S) at tained a po ten tial dif fer ence of
2000 mV.
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Fi gu re 1. Struc tu re of the LED pho to me ter. a) Elec tro nic dia gram of the ho me ma de pho to me ter. Tr=

tran sis tor BC547. l (LED) = 590 nm. I0 and I= ra dia tion beam co ming and lea ving the flow cell,

res pec ti vely. fc= flow cell. Det= pho to dio de (IPL 10530 DAL). OA= OP07 ope ra tio nal am pli -

fier. C1 and C2= 2 µF Tan ta lum ca pa ci tor. S= output sig nal. b) Flow cell, LED and pho to dio de

arran ge ment. Glass tube 10 cm long and 2.0 mm in ner dia me ter.
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Rea gents, so lu tions and sam ples

All so lu tions were pre pared with deion -
ized wa ter (18.2 M cm) and ana lyti cal grade
chemi cals.

A stan dard stock so lu tion of 100 mg/L
of o-cr esol was pre pared from the solid prod -
uct ob tained from Ald rich (Ger many). Work -
ing stan dards were pre pared by di lut ing the
stock so lu tion with deion ized wa ter in or der
to ob tain cali bra tion curves from 0 to 10
mg/L and from 0 to 4 mg/L, for the spec tro -
pho tomet ric and pho tomet ric meas ure -
ments, re spec tively. A stock so lu tion of 100
mg/L of PAP (Pan reac, Spain) was pre pared
daily us ing boiled and cooled dis tilled wa ter
and was sta ble for more than 8 h (boil ing the
dis tilled wa ter for 10 min is very im por tant to
avoid oxi da tion of PAP by dis solved oxy gen).
Stock so lu tions of 0.004 mol/L po tas sium
meta perio date and 0.06 mol/L so dium hy -
drox ide were pre pared by dis solv ing the sol -
ids ob tained from Pan reac in dis tilled wa ter.

Tap, do mes tic waste and Turia river wa -
ters were col lected in poly eth yl ene bot tles
from the Va len cia met ro poli tan area. Sam -
ples were fil tered with 0.45 µm ny lon fil ters to 
re move the sus pended sol ids, which could
im pair the dia phragm of the so le noid micro-
 pumps, and stored at 4ºC un til analy sis.

Pho to me tric re com men ded
flow pro ce du re

The flow dia gram of the mani fold is
shown in Fig ure 2. It com prises four so le noid 
micro- pumps, P1, P2, P3 and P4, to han dle
o-cr esol stan dards or sam ples, NaOH, PAP
and KIO4, re spec tively, a con flu ence point (x)
to merge the afore men tioned so lu tions and a 
re ac tion coil of 100 cm (B1). A three way so -
le noid valve was used to drive the fi nal so lu -
tion af ter de bub bling in a de bub bler (Bs).

When the so le noid coil of the micro-
 pump was en er gized (ON) a suck ing ac tion
was car ried out, thus per mit ting the so lu tion 
in ser tion into the micro- pump cham ber
through the in put chan nel. When the ap -
plied volt age was turned OFF, the in ner dia -
phragm go back to rest po si tion and the fluid 
was dis pensed through the out put chan nel.

The so le noid micro- pumps were ar -
ranged as shown in Fig ure 2, em ploy ing one
de vice for each so lu tion han dled, dur ing
0.1/0.1 s (ON/OFF) in ter vals of time. The
de vices were op er ated at 5 Hz.

The mul ti com mu tated sys tem was op -
er ated as de scribed in Ta ble 1. Each step
was re peated un til to com plete the number
of pulses in di cated. Vol umes of o-cr esol
stan dard/sam ple, NaOH, PAP and KIO4 so -
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Figure 2. Ma ni fold of the flow sys tem. P1, P2, P3, P4 µ-pumps em plo yed to in tro duc tion of samp le or

stan dards, NaOH, PAP and KIO4 res pec ti vely. x= con fluen ce point. B1= 100 cm reac tion coil.
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ce light.  V= 3- ways so le noid val ve.



lu tions were si mul ta ne ously in serted in the
re ac tion coil B1 af ter be mixed in the con flu -
ence point x us ing 10 pulses. The valve V
was main tained in ON po si tion to ex pel the
air from the de bub bler (step 1). Sam ple zone
was trans ported by 300 pulses of NaOH car -
rier to wards the 10 cm flow cell (step 2). In
this step V was in po si tion OFF all time to al -
low the pass of the so lu tion to the de tec tor.
Af ter that, in steps 3 and 4, micro- pumps
were stopped for 3 min, in or der to com plete
the re ac tion in side the flow cell and to make
the tran sient sig nal meas ure ments. Af ter
ob tain ing three rep li cates of each sam ple it
was in tro duced a clean ing step (step 5)
through out the micro- pump P2, dur ing 300
pulses. Meas ure ments of o-cr esol were es -
tab lished at wave length of 590 nm and no
cor rec tion of the base line was nec es sary.

Batch mode pro ce du re

So lu tions of o-cr esol, NaOH, PAP and
KIO4 were di rectly mixed in side a volu met ric
flask and let to stand for col our de vel op -
ment, mak ing the ab sor bance meas ure -
ments were at 590 nm. Sam ples were meas -
ured in the same way as stan dards and data
in ter po lated in the ex ter nal cali bra tion line.

Re sults and Dis cus sion

Reac tion of PAP with o- cre sol

The re ac tion be tween o-cr esol and PAP
is based on the re ac tiv ity of the ben zo qui -
none imine form of PAP (I), in an al ka line me -
dium, with phe nolic com pounds in which
the para po si tion is not blocked (17), as it is
shown in Fig ure 3. There fore, the cor re -
spond ing phe no late (II) re acts with (I)
through the elec tro philic sub sti tu tion on C4
of the phe no late to pro duce the cor re spond -
ing leu co dye (III) which is oxi dized to an in -
do dye (IV) and pres ents a maxi mum ab sorp -
tion at 590 nm.

Pre vi ous stud ies made in batch and in
clas si cal flow in jec tion analy sis (FIA) evi -
denced that a 100 mg/L PAP, a 0.004 mol/L
KIO4 and a 0.06 mol/L NaOH were the best
con cen tra tions to be used for the de ter mi na -
tion of cre so lic com pounds at mg/L con cen -
tra tion lev els (13).

The com pound formed in the stud ied
re ac tion show ab sorp tion maxima at 614 nm 
and to ac com plish this re quire ment an or -
ange LED (590 nm) was em ployed as light
source. The ab sorp tion spec trum of the
moni tored com pound is shown in Fig ure 4.
As it can be seen, a suit able match ing be -
tween prod uct ab sorp tion and LED emis sion 
spec tra was achieved, thus in di cat ing that it
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Ta ble 1

Ope ra tio nal con di tions of the mul ti commu ta tion flow sys tem for the o-cr esol de ter mi na tiona

Step Description P1 P2 P3 P4 V Pulses/Time

1
Introduction of
o-cresol, NaOH,
PAP and KIO4

ON ON ON ON ON 10 pulses

2 Transport
to the cell

OFF ON OFF OFF OFF 300 pulses

3 Stop time OFF OFF OFF OFF ON 180 s

4 Measuring time OFF OFF OFF OFF ON 1 s

5 Cleaning time OFF ON OFF OFF OFF 300 pulses b

 a ON/OFF in di ca tes a pul se of the so le noid de vi ce. In case of so le noid val ve (V), ON and OFF in di ca te the do tted and
the con ti nuous li nes, res pec ti vely.
b Just af ter three re pli ca tes.



was pos si ble to per form the meas ure ments
em ploy ing the cor re spond ing ra dia tion
source.

In pre limi nary ex peri ments, it was
veri fied that the emis sion in ten sity of the
LED af fected both, sen si tiv ity and dy namic
range of the pho tome ter. This draw back
was over come em ploy ing the elec tronic net -
work (Fig ure 1a) com prised by the tran sis -
tor and the vari able re sis tor. Un der these
con di tions, the LED emis sion in ten sity was
eas ily ad justed con trol ling the elec tric cur -
rent that was drained through the vari able
re sis tor and the base of the tran sis tor. The
pho tome ter must be switched ON at least
15 min be fore. Work ing con tinu ously for six 
hours no sig nifi cant base line varia tion was
ob served. This fea ture was al ways ob -
served, thus in di cat ing that the long- term
sta bil ity of the pho tome ter was very good.
In this sense, we can af firm that the per -
form ance of the pro posed pho tome ter was
suit able to carry out meas ure ments for
chemi cal de ter mi na tions.

Stop time study

The re ac tion of o-cr esol with PAP needs
ca. 17 min to end. Fig ure 5a shows the re la -
tion be tween the o-cr esol ab sor bance on the
re ac tion time us ing the 1 cm op ti cal path
length meas ure ment cell and the di ode ar ray 
spec tro pho tome ter. As can be seen, over
1000 sec onds were in dis pen sa ble as the
most suit able time to achieve the maxi mum
sen si tiv ity.

In or der to re duce this time, it was nec -
es sary to in tro duce the stop time con cept.
Fig ure 5b shows that, us ing the pho tome ter
and the 10 cm op ti cal path length flow cell,
only 180 sec onds (3 min) were re quired to
achieve the same be hav iour. So, o-cr esol de -
ter mi na tions were made us ing a stop time of
3 min utes af ter the in ser tion of the so lu -
tions, in or der to com plete the re ac tion in -
side of the 10 cm flow cell (Ta ble 1).

Analyti cal fea tu res

Ta ble 2 shows the ana lyti cal fea tures of
the dif fer ent pro ce dures as sayed, batch us -
ing a 1 cm cell and pho tomet ric mul ti com mu -
ta tion us ing a 10 cm flow cell. Moreo ver, there 
is pre sented data ob tained in FIA by Kha laf et
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Figure 3.  Chemistry scheme of the o-cresol reaction with PAP.
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Figure 4. Absorption spectrum of the chemical products formed between o-cresol and PAP and the

emission spectrum of the orange LED used in this study.
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Figure 5. Effect of the stop time. a) 10 mg/L o-cr esol spec trum mea su red in batch in a con ven tio nal spec -

tropho to me ter. b) 10 mg/L o-cr esol spec trum mea su red using mul ti commu ta tion in the ho me ma -

de pho to me ter. 100 cm coil. 10 pul ses of P1, P2, P3 and P4 to fill the cell and 300 pul ses of P2 to clean.
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Ta ble 2

Analyti cal pa ra me ters of o-cr esol de ter mi na tion by using the re fe ren ce and the pro po sed

mul ti commu ted methods.

Batch
Spectrophotometer

1 cm cell 

Flow injection a

Spectrophotometer
1 cm cell (13)

Multicommutation
developed method b

Photometer
10 cm cell

Calibration linec A = (0.085 ± 0.002)
+ (0.0196 ± 0.0005) 

Co-cresol

A = 0.0257 +
0.0705 Co-cresol

I = (0 ± 9) + 
(170 ± 5) Co-cresol

Correlation coefficient (R) 0.998 0.9994 0.9993

Linear range (mg/L) 0 – 10 0 – 6 0 – 4

RSD (%) 1.9 0.7 2.8

LOD (ng/mL) 80 10 10

Sample/standard consumption
(mL/det)

0.5 0.2 0.004

Reagent consumption (mL/det) 1.5 90.0 0.244

Waste (mL/det) 2.0 90.2 0.248

Throughput (h-1) 20 5 <20
a12 mi nu tes of stopped reac tion time.
b3 mi nu tes of stopped reac tion time.
cA: ab sor ban ce. I: in ten sity, Co-cr esol: o-cr esol con cen tra tion in mg/L.

Table 3

Recovery values (n=3) for o-cresol measurements in tap, waste and irrigation water, using both,

the batch and the multicommutation methods.

RECOVERY %

Water source Spiked level
(mg/L)

Batch
1 cm cell

Multicommutation
10 cm cell

Tap 0.1 98 ± 20 96 ± 18

1 94 ± 1 105 ± 8

4 101 ± 2 98 ± 5

Waste 0.1 101 ± 20 100 ± 4

1 102 ± 3 92 ± 5

4 101.9 ± 0.3 96 ± 3

Irrigation 0.1 98 ± 10 98 ± 15

1 96 ± 5 100 ± 4

4 102 ± 2 98 ± 2



al. (13) in the mid dle of the ta ble. As can be
seen, flow in jec tion pro ce dure was more sen -
si tive than batch mode. Meas ure ments made 
in mul ti com mu ta tion us ing a 10 cm cell were 
ob tained in in ten si ties by the pho tome ter,
and they also pre sented a good cor re la tion
co ef fi cient and re duced the lin ear range up to 
4 mg/L. Moreo ver, this pro posed method re -
duces the sam ple, stan dard and rea gent con -
sump tions and the waste gen era tion in fac -
tors of 125, 6 and 8, as com pared to batch
method and 50, 370, 360, as com pared to
flow method in the lit era ture (13).

On the other hand, mul ti com mu ta tion
us ing a long flow cell al lows re duc ing the
limit of de tec tion to 10 ng/mL, eight times
bet ter than it ob tained in batch method,
main tain ing the through put in 20 de ter mi -
na tions per hour. This value is higher than
that ob tained by Kha laf et al. (13).

So, it can be con cluded that mul ti com -
mu ta tion ap proach, us ing a 10 cm flow cell
and meas ur ing in the home made pho tome -
ter, of fers a sus tain able al ter na tive to the
batch and FIA meth ods in terms of ana lyti -
cal pa rame ters, en vi ron mental pro ce dure
and less con tact with the op era tor (18, 19).

Analysis of wa ter sam ples spi ked with
o- cre sol

In or der to dem on strate the ap pli ca bil ity
of the pro posed method for the de ter mi na tion
of o-cr esol in real sam ples, wa ter from dif fer -
ent sources (tap, do mes tic waste and ir ri ga -
tion wa ter) with cre sol con cen tra tions be low
the limit of de tec tion of the pho tomet ric meth -
ods, were spiked with known quan ti ties of
o-cr esol. So dium hy drox ide was added to the
sam ples in or der to ob tain an al ka line me -
dium of 0.06 mol/L NaOH, and then they were 
di rectly ana lysed in batch and mul ti com mu -
ta tion modes at 590 nm.

Ta ble 3 shows the re cov er ies for the de -
ter mi na tion of o-cr esol in spiked sam ples by
batch and mul ti com mu ta tion. For added
con cen tra tions from 0.1 to 4 mg/L, the av er -
age re cov er ies were 99.3% and 98.1% by

batch and mul ti com mu ta tion, re spec tively.
The paired Stu dent’s t test for both groups of
data was lower than the theo reti cal t value
(2.306) for a 95% prob abil ity level and 8 de -
grees of free dom. So, it can be con cluded
that the ac cu racy of the mul ti com mu ta tion
pro ce dure is com pa ra ble to that found in
batch on us ing the same re ac tion.

The good re cov er ies ob tained show that
the de vel oped pro ce dure is se lec tive and free
from ma trix in ter fer ences. The main part of
cati ons, ani ons and un col oured or ganic
mole cules pres ent in wa ter do not in ter fere.
How ever, it must be rec og nized that PAP can
also re act with other phe nolic com pounds.
Re sults from stud ies in the lit era ture (13)
showed that dif fer ent phe nolic com pounds
re quire dif fer ent ex peri men tal con di tions
with NaOH con cen tra tion which var ied be -
tween 0.005 and 0.4 mol/L, PAP con cen tra -
tion vary ing from 50 to 500 mg/L and KIO4

con cen tra tion which var ied be tween 0.002
mol/L and 0.004 mol/L, and also pro vide dif -
fer ent maxi mum ab sor bance wave lengths
be tween 540 and 638 nm. All these fac tors
could be im por tant in achiev ing con ven ient
se lec tiv ity for the de ter mi na tion of phe nols
with PAP. An other pos si bil ity to de ter mine o-
 cresol in the pres ence of phe nolic com pounds 
which can re act with PAP is the cou pling on-
 line of the LED pho tome ter with a mi cro cap -
il lary elec tro pho re sis in or der to main tain the
port abil ity of the in stru men ta tion and to im -
prove the se lec tiv ity of de ter mi na tions.

Con clu sions

The pro posed method for the pho tomet -
ric de ter mi na tion of o-cr esol, us ing a 10 cm
flow cell, af ter re ac tion with PAP in an al ka -
line me dium, pres ents many ob vi ous ad van -
tages com pared with pub lished meth ods, as
high sen si tiv ity, high through put, low rea -
gent and sam ple con sump tions and low
waste gen era tion. Moreo ver, the pro posed
method is very eco nomi cal, port able and
does not re quire the use of a prior sam ple
clean- up.
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On the other hand, mul ti com mu ta tion
per mit ted us to do the on- line re ac tion of
sam ples and rea gents, avoid ing the ma -
nipu la tion of the so lu tions and their dan ger -
ous con tact with the op era tor.
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