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ABSTRACT: Comparison of three methods for Chlorophyll determination: spectrophotometry and

fluorimetry in samples containing pigment mixtures and spectrophotometry in samples with separate pigments

through high performance liquid chromatography. Chlorophyll concentration is one of the most

used forms for the determination of  phytoplanktonic organisms biomass. Despite the

fact that this substance concentrat ion varies due to both, the cells physiological state

and species composition, i t permits a faster evaluation of the natural phytoplanktonic

organisms biomass, than microscopic methods. Therefore it is a useful tool in scientif ic

studies and in hydric resources monitoring. Because of the wide uti l ization, some methods

have been considered to determine the chlorophyll concentration, with different extration

and quant i f ica t ion forms.  This  research compares d i f ferent  forms of  ch lorophyl l  a

concentration quantif ication: spectrophotometry, f luorimetry and spectrophotometry after

high performance liquid chromatography separation (HPLC). From two environments (Lobo

and Salto Grande Reservoir ) ,  120 samples had been used to compare these methods.

Al though they have a very great  correlat ion,  two of  them, spectrophotometr ic and

fluorimetric, had overestimated chlorophyll concentration. This overestimate was more

significant in the Lobo reservoir.
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RESUMO: Comparação de três métodos para determinação de clorofila: espectrofotometria e

fluorimetria em amostras contendo mistura de pigmentos e espectrofotometria em amostras com pigmentos

separados através de cromatografia liquída de alta precisão. A concentração da clorofila a é uma

das formas mais util izadas para determinar-se a biomassa de organismos fitoplanctônicos.

Apesar da concentração dessa substância variar em função do estado fisiológico das

células e da composição de espécies, ela permite avaliar mais rapidamente a biomassa

de organismos fi toplanctônicos no ambiente, que métodos mais diretos de microscopia,

tornando-se uma ferramenta úti l  em estudos científ icos e de monitoramento de recursos

hídricos. Em função da ampla uti l ização, vários métodos foram propostos para determina-

ção da concentração de clorofi la-a, com diferentes formas de extração e de quantif icação.

O presente trabalho compara as diferentes formas de quantif icação da concentração de

clorofila a :  espectrofotometria, f luorímetr ia e espectrofotometria após separação por

cromatografia l íquida de alta precisão (HPLC). Para comparar os três métodos foram uti l i -

zadas 120 amostras, de dois ambientes: Reservatório do Lobo e de Salto Grande. Apesar

dos métodos terem uma correlação muito grande, tanto a espectrofotometria quanto a

fluorimetria superestimaram a concentração de clorofi la a.  Esta superestimação é mais

signif icativa no reservatório do Lobo.

Palavras-chave: clorofi la, f i toplâncton, espectrofotometria, f luorimetria, HPLC



DOS SANTOS,  A .C .A.  et  a l .          Compar ison of  three methods for  Chlorophyl l  determinat ion: . . .8

Introduction

Chlorophyll -a concentration is one of the most used variables in l imnology to deter-

mine the phytoplanktonic community biomass, to characterize environments, in experi -

mental works and even in monitoring programs with the purpose of aquatic ecosystem

management.

The methodologies of determination of the chlorophyll -a concentration have always

been submitted to some cri t icism. These methodological discussions include both the

filter type, used in samples concentration, and the real meaning of the pheophytin presence

in aquatic environments (Rai, 1980).

However, reliable data are often diff icult to be obtained, because of the great amount

of interferers (Rai, 1980). The use of the chlorophyll quantif ication as the biomass estimate

is very crit icized, because chlorophyll content can vary according to the species and the

cell physiological state (Sakshaug, 1981).

The first accepted spectrophotometric methods for chlorophyll -a determination were

established about 40 years ago, such as the ones of Strickland & Parsons (1968) and

Lorenzen (1967), and are used unti l  today. At this same time, the f luorimetry also started

to be used for the determination of chlorophyll concentration (Yentsch & Menzel, 1963).

Despite the great sensit iv i ty of the f luorimetr ic method, the biggest di f f icul ty is the

pigment ’s complexity of natural communit ies.

The l iquid chromatography is the most recently developed method for chlorophyll -a

determination and other vegetal pigments, whereas the f irst research is about 20 years

old (Arar, 1997b). However the high cost of the equipment and time sti l l  be a disadvantage

for the everyday use of this method.

The first attempt of standardization of chlorophyll determination was in 1966, with

the “Determination of photosynthetic pigments in seawater” UNESCO publication. After,

many researchers, have tr ied to improve the determination methodology of this important

substance in the aquatic ecology research (Nush, 1980).

In 1980, Rai in a survey of problems on chlorophyll  analysis suggested a new

approach for the standardization of the methods of photosynthetic pigment determination

in continental aquatic environments. However, despite the valuable suggestions, (Marker

et al .,  1980), many doubts sti l l  persist on which is the best methodology for specif ic

conditions.

T h e  p r e s e n t  w o r k  a i m s  t o  e v a l u a t e  t h e  m o s t  a p p r o p r i a t e  m e t h o d o l o g y

(spectrophotometry, f luorimetry or high performance liquid chromatography - HPLC) for

ch lo rophy l l  de te rmina t ion  in  two env i ronments ,  w i th  d i f f e ren t  t ro f i c  l eve ls  and ,

consequently, with different phytoplanktonic organisms predominance. This work also

intends to f ind the protocol standardization for the BIOTACE (Laboratory of Biotoxicology

in Continental Waters and Sewage in Department of Hydraulic and Sanitation for School

of Engineering at São Carlos, University of São Paulo) chlorophyll analyses.

Material and methods

To compare the methods, 120 samples proceeding from two reservoirs: Lobo (an

oligo-mesotrophic reservoir) and Salto Grande (a hipereutrophic reservoir) were used.

Sixty (60) samples from subsurface of 15 different stations of each reservoir were used.

The samples concentrations smaller than 3 µg. L - 1 ( the detection limit of spectrophotometric

method, according to Arar, 1997a) were disregarded for statistics analysis.

The samples were f i l tered in Whatmann GF/C f i l ters and the f i l tered volumes varied

between 0.25 L and 0.50 L. The f i l ters were stored at -20ºC and in the dark unti l  extraction.

Some researchers use acetate f i l ters, for chlorophyll extraction, because the f i l ters

are dissolved in organic solvents for the extraction. Lenz & Fritsche (1980) concluded that
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there is no quanti tat ive dif ference between the cel ls number retained in the acetate f i l ter

as well as in the fiberglass one. The f iberglass f i l ter seems to be less harmful to the

sample turbidity.

Schwartzbold et al (1999) had found a signif icant difference between samples fi l tered

in f i l ters GF/C and GF/F, being that f i l ters GF/F had been eff icient in the retention of the

algal cells. The present work did not intend to compare the similarity of the samples and

yes the dif ferences between the determination methods. As the same sample was used

for the three methods, the use of f i l ters GF/C does not have signif icant inf luence in the

f inal result .

Pigment extraction was carried out through the methodology described by Arar

(1997a), extracted by 90% acetone, in cold. The fi l ter was removed from the freezer and

kept in the dark. After 12 hours, the f i l ter was cut in small pieces, macerated in porcelain

recipient ,  and t ransferred to centr i fuge tubes.  The f inal  volume of  the extract  was

standardized in 12.0 mL. After the f i l ter had been converted to a slurry, i t  was kept at 4 oC

and in the dark during 12 hours, in the minimum, or 16 hours, in the maximum. The slurry

than was centri fuged at 1,000 rpm during 15 min at 4oC. The supernatant was transferred

an inert bott le. To reduce the turbidity interference from fi l ter particles, the extract was

fi l tered, with glass syringe through Mil ipore membrane (HV-Durapore of PVDF) of 0.45 µm

porosity and 13 mm diameter. The fi l tered extract was separated in two portions: 1.5 ml

for the chlorophyll determination by l iquid chromatography and the remaining portion for

determination by the f luorimetry and spectrophotometry analysis.

Although some authors (Bowles et al . ,  1985; Shoaf & Lium, 1976; Webb et al . ,  1992)

reported that some types of chlorophyll and carotenoid are extracted completely with the

use of methanol or dimeti l -sulphate, the acetone is the best choice when there is no

information on the specif ic composit ion of the community in the sample, besides to

prevent the increase the chlorophyll degradation products (Mantoura & Llewellyn, 1983;

Prezz & Bates,  1991) .  Due to the samples source ( two environments,  with di f ferent

phytoplanktonic composit ions) ,  and the toxici ty of the other chemical products ( l ike

methanol and dimethi l -sulphate) we chose acetona solvent.

For spectrophotometric analysis the HATCH spectrophotometer, model DR 4,000,

and cuvette of 1 cm diameter was used, that were tested with 90% acetone solution to

identi fy possible dif ferences.

Values of the sample absorbancy were measured at four wavelengths (630, 647,

664 and 750 nm) were used in tr icromatic equations. For the pheopigments concentration,

the absorbancy values were measured at 750 and 665 nm with and without acidif ication

samples (0.1 N HCl). According to Arar (1997a), this procedure does not require the calibration

with pure chlorophyll -a solution.

For the determination of chlorophyll and pheopigments concentrations, the equations

presented in Arar (1997a) were used, with some modif ications in the specif ic chlorophyll

absorption coefficient, according to Lorenzen (1967). Tricromatric equations of Jeffery &

Humphrey (1975) were also used.

Chlorophyll -a determination by f luorescence fol lowed the methodology proposed

by Arar & Coll ins (1997). Fluorimeter Turner Designs U-10 model was used, with l ight bulb

“day l ight” ,  excitat ion f i l ter of 350 nm to 500 nm, emission f i l ter above of 665 nm, f i l ter of

neutral density reference, attenuating and 10.0 mm cuvettes. The detection l imits of this

method is 0.082 mg.L - 1 ,  in the sample extract.

The fluorimeter was calibrated with Sigma.Co (CASRN 479-61-8) pure chlorophyll  solution.

The calibration curve was achieved with the following concentrations: 2; 5; 10; 20; 50, and

100µg.L-1. The chlorophyll-a concentration was computed according to Arar & Collins, (1997).

Chlorophyll-a determination with high performance liquid chromatography (Shimadzu)

was  made accord ing  to  the  methodo logy  desc r ibed  by  Ara r  ( 1997b )  w i th  some

modif ications. This method uses reverse phase column (C18) with guard column, detector

in the visible band, f low in 1.0 mL.min - 1 ,  and 200µL sample.
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The mobile phase was a gradient mixture of three eluents. They are (a) methanol:

0.5 M ammonium acetate/80:20 (v:v, pH 7.2), (b) acetonitri le: water/ 90:10 (v:v), and (c)

100% ethyl acetate. The eluent gradient program is l isted in Arar (1997b).

Although the method recommends the absorbancy value at 440 nm, for determination

of chlorophylls a (chl a) and b (chl b) and separation the pigments from a complex

pigment mixture, we used 429 nm, a wavelength better absorbed by chlorophyll -a, to

avoid interference of the others pigments (Li et al ,  2002).

According Arar (1997a) the detection limits in the sample extract in HPLC is 0.080 mg.L - 1 .

The standards for the cal ibrat ion curve were the same used in the f luorimetric

method. The standards concentrations were determined by tr icromatic equation (Jeffery

& Humphrey, 1975). The calibration curve was achieved with the following concentrations:

2; 5; 15; 25; 50, and 100 µg.L - 1 .

Results and discussion

In the optical methods, spectrophotometry and f luorimetry, the presence of other

pigments (as chlorophyll b, c, and the respective degradation products) are the main

interferers in chlorophyll -a determination. Some authors (Brunt et al. ,  1992; Sartory, 1985;

Trees et al. ,  1985) assert that the spectrophotometry and fluorimetry can underestimate

or overestimate, significantly, chlorophyll concentration. This situation can happen, partly,

because the bands absorbancy overlapping and chlorophyll f luorescence with accessory

pigments and degradation products can occur.  The two main chlorophyll degradation

products are pheophytin and chlorophyll ide, that can be degraded in a third substance

type, the pheophorbide. This substance can af fect the quant i f icat ion of chlorophyl l

pigments because they f luoresce and absorb l ight in the same wavelengths (Carson &

Simpson, 1996).

The phytoplanktonic community of the Lobo reservoir (oligo-mesotrophic and very

mixed) is composed predominantly by Chlorophyceae and Bacil lariophyceae . In the Salto

Grande reservoir  (h ipereutrophic ) ,  the phytoplanktonic community is dominated by

Cyanobacteria, being the Chlorophyceae the second most abundant group (Fig. 1 ) .

The phytoplankton community composit ion in both ecosystems is related to pigment

concentration determined by the tr icromatic equations (Fig. 2).

Pigment composit ion differs in the two environments, because these pigments are

not uniformly found in all the phytoplankton groups. In Cyanobacteria only chlorophyll a
is present, whereas in Chlorophyceae, is found chlorophyll a as well as chlorophyll b and

in Bacil lariophyceae  is present too chlorophyll c 1 e  c2  ,  but not chlorophyll b.
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Figure 1:  Average phytoplanktonic distr ibut ion in the Lobo and the Sal to Grande reservoirs between

October 1999 and July 2000.
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Chlorophyl l  a predominance in the Salto Grande reservoir is due to the higher

Cyanobacteria and Chlorophyceae concentration. In the Lobo reservoir, the relative increase
of chlorophyll c concentration occurs because of the higher Bacil lariophyceae abundance.

The  amount  o f  ch lo rophy l l ide -a  i s  assoc ia ted  w i th  the  ce l l s  phys io log ica l  s ta te
(S ig l eo  e t  a l . ,  2000 ) .  Ma tu re  ce l l s  can  have  f rom 40% to  50% o f  t he i r  p i gmen ts  i n

th is  fo rm (Ha l lengra f ,  1981 ;  K le in  &  Sourn ia ,  1987 ) .  The  phy top lank ton ic  communi ty
b iomass,  r ight  a f ter  b loom occurrence,  can conta in  f rom 40% to 60% of  pheophorb ide -

a  (B id iga re  e t  a l . ,  1996 ) .  The  ch lo rophy l l  a  and the  o ther  accessory  p igments  ra t io
apparent ly  was cons tan t  (a t  approx imate ly  1 : 1 )  in  whatever  env i ronmenta l  cond i t ions

(Trees e t  a l . ,  2000 ) .
Chlorophyll a is overestimated by the tr icromatic equations of Jeffrey & Humphrey

(1975), when the pheophytin is present. The modif ied equation of Lorenzen (1967) can

underestimate chlorophyll a concentration when chlorophyll b is present. According to
Arar ( 1997a) ,  chlorophyl l  b concentrat ion depends on chlorophyl l -a and pheophyt in

concentrations. With the increment of chlorophyll a concentration, an increasing chlorophyll
b underestimate can be observed. I f  the concentration of chlorophyll a is from 4 to 10

t imes higher than chlorophyll  b, the underestimation wil l  f luctuate between 13% to 38%.
Chlorophyl l  a concentrat ions determined by the t r icromat ic method in comparison

with the ones by f luor imetry and af ter  chromatographic separat ion presented values
abou t  33% h ighe r  than  the  concen t ra t ions  (Tab .  I ) .  The  d i f f e rence  be tween  the

concent ra t ions  computed wi th  t r ic romat ic  and Lorenzen equat ions  a re  cor re la ted

posi t ively wi th the pheophyt in concentrat ion (F ig .  3 ) .

The fluorimetric and spectrophotometric calibrations after chromatographic separation

depend on the concentrat ions determined by Jeffrey & Humprey´s equation (1975), after

spectrophotometry. The calibration curves obtained by fluorimetric and spectrophotometric

methods, in the visible band, are shown in the Fig 4.
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Figure 2: Relat ion between the average concentrat ions of  chlorophyl l  a ,  b,  c ,  and carotenoid,  in the

Lobo and Sal to Grande reservoir  between October 1999 and July 2000.

Concentrations  Tricromatic Lorenzen 

Average 22.31 13.43 

Minimum 4.97 3.21 

Maximum 73.29 63.51 

Standard deviation 17.22 13.80 

Variation coeficient (%) 77 103 

 

Table I: Ch lo rophy l l  concent ra t ions  (µg.L - 1 )  determined by the t r icromat ic and the Lorenzen (1967)

equat ions.
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Figure 3: L inear correlat ion between the di f ferences between chlorophyl l  a concentrat ions determined

by the t r icromat ic and Lorenzen (1967)  equat ions,  and pheophyt in concentrat ions.

The Salto Grande reservoir samples presented higher variat ion coeff icients than the

Lobo reservoir samples (Tab II ) ,  however they are very close in the three studied methods.

The biggest average concentrations were the ones determined by the f luorimetric method.

Through the spectrophotometric method at 429 nm, and after chromatographic separation,

the least average concentrat ions in the samples of the two environments were obtained.

In the Lobo and Salto Grande reservoirs, the three methodologies were posit ively

correlated (Tab. I I ) .  However, the correlations between the spectrophotometry in visible,

a f ter  the chromatographic separat ion (HPLC) ,  the spectrophotometry -  UV and the

fluorimetry were bigger in the reservoir of Salto Grande samples (Tab. I ) .

The use of the high performance liquid chromatography has increased in phytoplanktonic

community studies (Brunet et al., 1992). Although expensive, slow and demanding specialized

technicians, the information obtained through this method can be important when pigment

separations in the sample are necessary. This separation allows to suppose the taxonomic

composition of phytoplankton (Proença, 1997), to quantify the diverse groups through the

key-pigment analysis (Breton et al., 2000; Flander et al., 2000; Barlow et al., 1998; Andersen

et al., 1996; Preez & Beats, 1991), and to determine the relative concentration of degradation

products in communities submitted to nutritional stress. In these communities, the cells

Table II :  Descr ip t ive s ta t is t ics and Pearson corre la t ions for  ch lorophyl l   concentrat ions ( µg. L. - 1 )  obtaind

through the three tested methods:  spectrophotometry -UV (SPEC) ,  f luor imetry (FLUOR) ,  and the

spectrophotometry at 429nm after separation for high performance l iquid chromatography (HPLC)

of  the two envi ronments samples (Lobo and Sal to Grande reservoi rs )

Lobo Reservoir  Salto Grande reservoir  

SPECT FLUOR HPLC SPECT FLUOR HPLC 

Average 11.26 20.04 7.24 28.70 44.89 22.77 

Maximum 23.87 40.80 15.05 73.29 97.65 66.42 

Minimum 6.69 11.51 3.38 1.68 2.71 2.84 

Standard Deviation 3.33 5.68 2.10 19.64 27.44 16.45 

Variation coefficient (%) 30 28 29 68 61 72 

Pearson Correlations 

Spectrophotometry 1.00   1.00   

Fluorimetry 0.98 1.00  0.97 1.00  

Chromatography 0.87 0.93 1.00 0.98 0.95 1.00 

 



13                Acta Limnol .  Bras. ,  15(3) :7 -18,  2003

senescence carries to a change in the pigment content (Yoshihito & Yasuhiro, 2000; La-

Giraudiere, 1987).

Since the chlorophyll determination through l iquid chromatography, is subjected to

low interference, the method is considered the most precise and sensible because i t

makes the separation diverse chlorophyll types and degradation products. However, i t is

expensive and slow (Brown et al ., 1981; Murray et al., 1986).

The cor re la t ions between the data  got ten in  the spect rophotomet r ic -UV and

fluorimetric methods with the HPLC ones, in the Lobo reservoir (Fig. 5) ,  were smaller of

that in the Salto Grande reservoir (Fig. 6)

In spite of the high correlation l inear and Pearson coeff icients obtained in the Lobo

reservoir, the overestimate occurred in all the samples. Larger average value for the

fluorimetric than for the spectrophotometric method in the Salto Grande reservoir, was

recorded wi thout  chromatograph ic  separa t ion ,  overes t imated and underes t imated

chlorophyll concentrations. However, the average value indicated overestimate for the

two methods, being higher in the f luorimetric. When we compared the two environments,

the overestimate was smaller in the Salto Grande reservoir (Tab. I I I ) .

The comparison between the three methods confirms previous data (Sigleo et al. ,

2000; Brunet et al . ,  1992; La-Giraudiere, 1987; Trees et al. ,1985; Gowen et al. ,  1983).

Among the three used methodologies, the f luorimetry, despite being quick and requir ing

Figure 4: Relat ion between absorbancy (= 429nm) (1 )  and f luorescence (2) values, and dif ferent chlorophyll

a concentrat ions.
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smaller sample volume, was the one that most overestimated chlorophyll concentrations.

In the presence of chlorophyll b, other accessory pigments, and degradation products,

chlorophyll a is underestimated (Brown et al. , 1981).

The differences between the concentrations obtained by spectrophotometry-UV,

fluorimetry, and spectrophotometry in visible, after the chromatography, can be significant

i f  degradation products are present. The pheophytin determination using Lorenzen’s

equation 2 (Lorenzen, 1967) should be studied, mainly to reduce the effect of the turbidity

after the sample acidif ication. Trees et al (2000), studying the relat ion between accessory

y = 1.169x + 2.0741

R
2
 = 0.96

y = 1.591x + 8.6628
R2 = 0.91
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Figure 6 :  Relat ionship between chlorophyl l  concentrat ions ( µg. L - 1 )  obtained by the spectrophotometr ic -

UV f luor imetr ic  and HPCL methods,  in the samples f rom Sal to Grande reservoi r .

Table III :  Pe rcen tage  (% )  o f  ove r  ( + )  o r  underes t ima te  ( - )  o f  ch lo rophy l l  a  concen t ra t ion  by  the

s p e c t r o p h o t o m e t r i c - U V  ( S P E C T )  a n d  f l u o r i m e t r i c  ( F L U O R )  m e t h o d s  i n  r e l a t i o n  t o  t h e

spectrophotometr ic  wi th chromatographic separat ion (HPLC) ,  in  the two reservoi r  samples.

 Lobo Reservoir Salto Grande Reservoir 

 SPECT FLUOR SPECT FLUOR 

Maximum +133 +261 +87 +270 

Minimum +17 +125 -48 -63 

Average +57 +179 +28 +113 

 

y = 1.3822x + 1.2529

R2 = 0.76

y = 2.522x + 1.7737
R2 = 0.87
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Figure 5 :  Relat ionship between chlorophyl l  concentrat ions ( µg.L - 1 )  obta ined by the spectrophotometr ic -

UV f luor imet r ic  and HPCL methods in  the samples f rom Lobo reservoi r
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pigments and chlorophyll a in 7,000 samples of oceanic and coastal regions, for HPLC,

found a small relat ion (0.035) between pheophytin and chlorophyll -a and recommended

that the determination by tradit ional methods, spectrophotometry-UV and f luorescence,

should be better studied. According to Barlow (1990), rel iable data of the pheopigments

concentrations can only be obtained through chromatography (HPLC).

Myens et al. (1994), comparing the spectrophotometric and chromatographic (HPLC)

methods,  in samples f rom a temperate lake,  concluded that  the di f ference among

chlorophyll concentrations determined by the two methods vary during the year and is

related to the production of other forms of chlorophyll and degradation products during

the phytoplanktonic succession. So, no conversion factor between these methods was

developed.

The opt ica l  methods wi thout  p igment  separat ion (spect rophotometr ic -UV and

fluorimetric) are ineff icient for the determination of the diverse types of chlorophyll (a, b,

c1,  and c2 )  and its degradation products (Pheophytin, Chlorophil l ide and Pheophorbide),

as with  the chromatographic method. Some authors suggest that the term chlorophyll a

must be abandoned when the determinat ion is not made through chromatographic

methods. So, i t is advisable to use only chlorophyll or sti l l  total pigments, even if the

tricromatic equations (Carlson & Simpson, 1996) were used. In environments dominated

by cyanobacterias (as the Salto Grande reservoir) ,  most of the present pigments is in the

form of chlorophyll a, and the spectrophotometric method can be used, considering that

i t  is less subjected to interferences. In environments with a more diversif ied composit ion

of species and Chlorophyceae and Bacil lariophyceae dominance (as the Lobo reservoir)

the presence of chlorophyll b and c can overestimate signif icantly the data obtained by

UV spectrophotometry.

In spite of the high correlat ion among chlorophyll concentrations obtained by the

different methods, the overestimate percentages request for a better care in the optical

methods uti l ization (spectrophotometry and fluorimetry). As the chromatographic method

separates the sample components, i t  should be considered the most rel iable method.

Only through this method i t  is possible to obtain more real values for each sample

pigment type.

The use of the UV spectrophotometry can be recommended for environments whose

composi t ion is  predominant ly  of  Cyanobacter ia ,  as the Sal to Grande reservoi r .  In

environments with great species diversity, and with Bacil lariophyceae and Chlorophyceae

presence in large amount, data obtained by UV spectrophotometry should be considered

like a total chlorophyll estimation. In these environments, the use of chromatography

(HPLC) is recommended.

In al l  the analyzed aspects, the f luorimetric method was the least eff icient. The

greatest advantage of this method is i ts quickness and sensibi l i ty. However, due to the

possible interferers, i t  is more appropriate for the total pigments estimation.

Selection of the most appropriated method takes into account diverse factors: a)

analysis accuracy; b) application facility (infrastructure and financial aspects), c) comparison

with other works and d) adequacy to the research objectives.

The best method for chlorophyll -a determination is the chromatography. However

the analysis cost and the t ime make the adoption of this methodology dif f icult in routine

analysis. When chlorophyll  is the subject of the investigation, as in phytoplanktonic

community and physioecologic studies, this method must be used.

In monitoring programs, and for comparison between environments, chlorophyll a can

be look at as total chlorophyll or total pigments; spectrophotometry can be used, mainly in

environments dominated for cyanobacterias. Despite the inherent errors of the method, it

still is the most used worldwide, providing legitimate comparisons.

The f luorimetry is only indicated in two situations: when the t ime analysis is a

l imitat ion for the work objectives, as in the eff luent monitoring or simultaneous studies

in wide scale, hydrodynamic studies, for example; or when the chlorophyll measure is a

comparative data in unialgae samples, as algal growth measurement in ecotoxicological

tests.
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