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When we analyze a sample containing mixed solution of chlorophyll a and pheopigments by fluorometric methods, dilution
is needed for the sample containing high pigment concentration in which nonlinear relationship between fluorescence intensity
and pigment concentration appears. In this study, a general equation, which can calculate the pigment concentration in the
nonlinear region, was derived in order to avoid this dilution procedure. General solution of the equation through a numerical
calculation method is also shown for chlorophyll @ and pheopigments. Results of the calculation by general solution were
verified by comparing the results to that obtained by the dilution procedure for total pigment concentrations up to 520 pgL!

using the same sample from in situ sea water collected during a spring phytoplankton bloom on the coast of the Sea of Japan.
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Fig.1 Fluorescence intensity (arbitrary unit) for theoretical
curve of chlorophyll a (solid line) and pheophytin a
(dashed line) against pigment concentration. Calibration
data is shown for chlorophyll a (solid circle) and
pheophytin a (open circle).
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Table 1 Absorbance and undiluted chlorophyll @ concentration
chlorophyll @ before acidification after acidification undiluted

standard wave length  corrected wave length  corrected acid ratio cell length ~ chlorophyll a™!
dilution rate 6650 750 6650 665a 750 665a 6650/665a cm mgL-!

10 1.055  -0.006 1.061 0.627  -0.006 0.633 1.676 5 22.88

20 0.524  -0.005 0.529 0.307 -0.005 0.312 1.696 5 23.20

50 0.209  0.000 0.209 0.123  0.000 0.123 1.699 5 22.99

average 1.690 23.02

*1: Undiluted chlorophyll a concentration is calculated from Lorenzen (1967).
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Table 2 Calibration result for Turner Design Model 10
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Fig.2 Fluorescence intensity per unit concentration. They
are shown as solid curved lines for chlorophyll a and
pheophytin @ against pigment concentration.
Calibration data is shown for chlorophyll a (solid
circle) and pheophytin a (open circle). Dashed lines
are linear regression lines drawn from calibration data
using concentrations of 230.2 ug L' and lower.
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chlorophyll a before acidification after acidification
standard  chlorophyll a reading reading corrrected reading
dilution rate (ugL'l) range 1 range 2 F, rangel range?2 F, F, F,
20 1,151 1 MS 10.00 1 MS  5.02 10.00 5.02
50 460.5 1 MS 475 1 MS 236 4.75 2.36
100 230.2 1 3.16  8.00 1 3.16 4.02 2.53 1.27
500 46.05 1 10 545 1 10 2.70 0.545 0.270
1,000 23.02 1 31.6  8.65 1 316 435 0.274 0.138
5,000 4.605 100 MS 530 100 MS  2.68 0.0530 0.0280
50,000 0.4605 100 10 5.60 100 10 2.80 0.00560  0.00280
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Fig.3 Distribution of S(x) for chlorophyll a (solid line) and
pheophytin a (dashed line) against AD. Initial value of
D is set to zero. Places of S(x) minimums are shown
by the vertical lines. Calculated points are shown by
crosses.
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Fig.4 4 F(C, P, - 100(%) for various total pigment
concentrations plotted against P,/(C,+P,). Total pigment
concentration is drawn above each curve.
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Fig.5 Fluorescence intensity ( arbitrary unit) of in situ
samples before (solid circle) and after (open circle)
acidification shown against the volume of filtered
sample. Linear regression lines from origin are drawn
using data for 100 mL and 200 mL of sample before
(solid line) and after (dashed line) acidification.
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Fig.6 Pigment concentration of in situ samples calculated by

general solution, shown for total pigment ( open
square), chlorophyll a (solid circle), and pheopigments
(open circle) against the volume of filtered sample.

Linear regression lines from origin are drawn.
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Fig.7 Deviation (%) of pigment concentration of in situ
samples calculated from regression lines by general
solution. They are plotted for total pigment (open
square), chlorophyll a (solid circle), and pheopigments
(open circle) against the volume of filtered sample.
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Table 3 Results of calculation by general solution for in situ sea water samples

volume of in situ concentration deviation from regression line
filtered sample corrrected reading C, P, C,+P, C, P, C,+P, C, P, C,+P,
mb) _F, F, (nglh) (nglh) (el (uel) (gl (nelh) %) %) (%)

100 0.532 0332 349 227 576 349 227 576 13.6 3.5 9.4

100 0.485 0.305 313 215 52.8 3.13 2.15 5.28 2.1 -2.0 0.4

200 0.968 0.612 63.0 445 1075 315 223 538 2.5 1.6 22

200 0.965 0.636 583 53,6 1119 291 268 559 -5.1 223 6.3

500 2.26 1.450 149.6 1157 2653 3.00 231 531 2.6 5.6 0.9

500 2.26 1.453 149.1 116.8 2659 298 234 532 -2.9 6.6 1.1

1,000 4.14 2.623 2994 2114 5108 3.00 211 511 2.5 -3.5 -2.9
1,000 4.34 2.737 318.6 217.9 536.5 319 218 537 3.8 -0.5 2.0

r.m.s 5.7 8.7 43
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Lorenzen

Table 4 Comparison of results of calculation for chlorophyll @ and pheopigments obtained using the general equation, normal

regression line using calibration data (-46.05ug L"), and exact regression line (-55.00 ug L™)

general equation (ge)

calibration data (cd)

exact regression (er) 100-(ge-cd)/cd 100-(ge-er)/er

corrrected reading C, p, C, P, C, p, C, p, C, p,
r, F,oo (pglh)  (uelh) (gl (uglh (ngl)  (pglh (%) (%) (%) (%)
0.532  0.332 3.49 2.27 3.36 2.28 3.47 2.26 387  -0.44 0.58  0.44
0.485  0.305 3.13 2.15 3.02 2.16 3.12 2.14 3.64  -0.46 032 047
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