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ABSTRACT

Reversed-phase high performance liquid chromatography (RP-HPLC)
was employed to develop predictive models for fish bioconcentration
factors (BCF) of organic compounds. Estimation of BCF from RP-
HPLC retention parameters on octadecyl-bonded silica gel (ODS), cyano-
propyl-bonded silica gel (CN), and phenyl-bonded silica gel (Ph) columns
were investigated. The results show that, for a set of compounds belong-
ing to different chemical classes, the CN stationary phase is the best one
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among the three columns and better than n-octanol /water model for BCF
estimation. A multi-column RP-HPLC model, using the retention para-
meters on the CN and Ph columns as the variables of multiple linear
regression equations, was further evaluated to estimate BCF of organic
compounds belonging to different chemical classes, and the results
show that the multi-column RP-HPLC model is better than that of any
single RP-HPLC column for BCF estimation.

Key Words: Retention parameters; Bioconcentration; HPLC; Linear
regression.

INTRODUCTION

The potential uses of quantitative retention-activity relationships
(QRARS) cover many areas of chemistry, biology, and environmental chem-
istry.""?! The reversed-phase high performance liquid chromatographic
(RP-HPLC) method is the most popular chromatographic model used in
QRARs. There are a number of advantages of the RP-HPLC method. First,
it is very simple and efficient in comparison with the traditional “shake-
flask” methods. Second, only a small amount of sample is needed for the
measurement. Third, the method is generally insensitive to impurities or
degradation products, which might either affect bulk partitioning or analysis.

The RP-HPLC retention parameters are governed by both specific and
non-specific molecular interactions between solute molecules and stationary
phase. For a given compound, the retention parameters on different stationary
phases, with different selectivity, involve specific molecular interactions, so
they can be regarded as the solute’s molecular interaction descriptors.'!
The diversity of RP-HPLC stationary phases makes it possible to select the
appropriate solute’s retention parameters on specific stationary phases to
describe specific molecular interactions. The RP-HPLC retention factors are
frequently used to estimate partition coefficients, and have, therefore, been
the subject of many reviews.'¥!

In practice, for scientists or engineers, a model that can be applicable to a
wide range of chemicals is more promising than that only applicable to a
congener set of chemicals or a narrow range of chemicals. However, the con-
generity phenomenon is a common problem of the usually used RP-HPLC
models.'* To obtain a QRAR model that is valid for a wide range of chemi-
cals, one approach is to select one HPLC system whose properties are close to
the target partition system. Many scientists have been devoted to the screening
of different RP-HPLC stationary phases for the estimation of soil/water
organic carbon partition coefficient (Koc),! fish bioconcentration factor
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MARcEL DEKKER, INcC. m
270 Madison Avenue, New York, New York 10016 o



19: 26 23 January 2011

Downl oaded At:

ORDER REPRINTS

Estimation of Fish BCF Using RP-HPLC 1863

(BCF),[(’] median effective concentration (ECSO),m etc. Another approach is to
use a multi-parameter equation that includes different retention parameters
measured on different stationary phases with different selectivity.'™!

The fish/water BCF, is a very important partition parameter for evalua-
ting a chemical’s toxicity, or fate, in an aquatic environment.'”’ However, the
experimental measurement of BCF is extremely difficult, costly, and time-
consuming."' ' In this sense, the estimation methods of BCF are very important
and necessary. Although, estimation of BCF from Kow,[l 1 molecular connec-
tivity index (MCI),!">13! water solubility (Sw),!'¥ and linear solvation energy
relationship (LSER)[15 'have been widely studied, the advantages of RP-HPLC
encourage scientists to seek the appropriate HPLC model to estimate BCF.
Hui et al.' used RP-HPLC retention parameters to estimate BCF and four
stationary phases were tested. However, their work was only subjected to
aromatic hydrocarbons. In the present study, the possibility of using RP-HPLC
retention parameters to estimate fish BCF, was studied on the basis of 47
organic compounds covering a wide range of chemical classes. Correlations
between BCF and the RP-HPLC retention parameters on three routinely
used commercial RP-HPLC columns, e.g., octadecyl-bonded silica gel
(ODS), cyano-bonded silica gel (CN), and phenyl-bonded silica gel (Ph),
were investigated and compared. In addition, using a multi-column method
that contains retention parameters on different stationary phases was also
attempted for BCF estimation.

EXPERIMENTAL
Data

A group of 47 organic compounds including alkyl benzenes, chlorinated
benzenes, alkyl hydrocarbons, polycyclic aromatic hydrocarbons (PAH),
phthalates, nitroaromatics, phenols, and aniline were chosen. Their
log Kow!'® and experimental fish/water, log BCF!'*!3! values from the
corresponding references, are listed in Table 1. Good correlations between
RP-HPLC retention parameters and solvatochromic parameters has been
proven by many studies,"'”"'® thus, the RP-HPLC retention parameters can be
accurately calculated from the solvatochromic parameters. In a previous
study,m the LSER equations of retention parameters on ODS, CN, and Ph
columns were developed using 28 test compounds covering a wide range of
classes. The properties of all compounds used in the present study do not
go beyond the range of classes of these 28 test compounds, of which 14
compounds were used in the present study. To avoid unnecessary additional
experiments, the retention parameters of the other 33 compounds under

Copyright © Marcel Dekker, Inc. All rights reserved.

MARcEL DEKKER, INcC. m
270 Madison Avenue, New York, New York 10016 o



wv
-
4
[-3
a.
w
o«

ORDER

Guo et al.

1864

"PRAIRSAI SIYSLI [ U] “IaR( [Q2IRIA O WSLIAdoD

L¥'1 9¢°¢ 97T 01’1 LST 88'1 69°¢ 61°¢ QUAIKIS[AYISIN-B
0L’ ov'€ 99'] 0L°0 62T 09'1 6t°¢ 96'C SUAYIR0IO[YOBIR],
0’1 197 SO'T 920 €81 91'1 ¥6'C 0€T QUSYIROIONYDILY,
wT Y€ 89°1 0L°0 we w1 vL€ vTE QUBXaYO[IAD)
0€°0 8p'1 0 61°0— 8T'1 790 €1'e Sel SUBYIROIONYIIT-T ]
€T €L's sy LST €0 vTe 6€°S LTS QUSZUSGOIO[YIBXIH
vL€E FINS SLE 81T So'¢ L8T €6y €9y SUIZUSGOIO[YIBIUD]
$9°¢ (434 e 181 0€'¢ ¥ST ¥SH 8I'Y SUAZUQOIO[YIRIRL-SH T’
8G°¢ 9t 1T°¢ 08’1 8T°¢ ST 8y Ty SUSZUQOIOYIRIR L ¢ T
0S¢ 99t e 181 0€°€ ST Sy 617 QUAZUSQOIO[YIBIR -G C T
YTe 61" 0LT a! 96T wT LTY SLE QUIZUIGOIOYOLLL -G ¢ |
€T¢ SO¥ 89°C Wl €6'C 61T 60t 99°¢ QUIZUIGOIOYILLLH T T
69T vy 89T Wl 16T L1T S0P 9°€ SUIZUSGOIOYIM L€ T
017 v'e 60T 00'1 1S 6L°1 09°¢ 60°¢ 3UZUQOIO[YII-F* |
81 €5°¢ €1e 701 8+'C LLT 89°¢ 61°¢ PUSZUSOIOTYOI-¢
S6'1 €ve 01c 10°1 ST 181 €9°¢ e SUAZUSGOIO[YII-T |
801 06T IS°1 860 86°1 €1 €I 1S LPUSZUSGOIOTYD
SS'1 99°¢ 8¥'T ST1 87T 60T 0% vS€ suazuaqAdoxdosy
LTT Sr'e 681 ¥8°0 LET 89'1 LY'E €6'C QUIZUSQIAOWI-*
LTT 0T’E 061 ¥8°0 LET 89°1 Ly'E ¥6'C QUAZUSGIAYPOWI-¢ |
STl 4K 061 $8°0 9¢€T LT Spe 16T SUAZUSQIAIOWI-T
61°1 Sre €81 080 ¥S$T 6L°1 LY'€ 96'C LUdZuqIAYY
760 6LT 61 €40 96°1 0¢'1 L6T W LUan[o],
404 30[ MOy Fo] Nog Nomy Fof tdg td*y gof sdog Saomy Jog [eorway)

MOy Jo1 “3Dg S0 pue ‘Y4 pue ‘ND ‘SO UO S[eIIWaYD 159} /4§ JO s1ojowrered UOIUIAI Y],

1102 Alenuer €z 92 :6T

W p8peo jumog

T 21901

MARcEL DEKKER, INcC.

270 Madison Avenue, New York, New York 10016

®



wv
-
4
[-3
a.
w
o«

ORDER

1865

Estimation of Fish BCF Using RP-HPLC

"PRAIRSAI SIYSLI [ U] “IaR( [Q2IRIA O WSLIAdoD

‘g1 ‘oY ul pamseawr srojowered uonus)r [EIUSWILRAXS YL,

8L°0
16°0
STl
9c'l
8I'C
€0'1
ore
o'l
o€l
811
SL'T
86°C
09°¢
0L¢
00y
99°¢
19C
e
Ire
0C'¢
e
€v'e
€re
[AN!

¥6'0
091
0s'¢
6S°C
0€'C
S6'1
16°1
00C
€5'C
€8l
9¢'1
Ly'e
6'¢c
L6°S
6L'S
LO'S
98¢
LSV
8I'Yy
0c¢
10'v
88'Y
Sv'y
S6'C

870
el
o'l
19°1
6S°1
'l
LET
vl
99°1
90°T
L'l
88'C
({03
£€9°¢
Y
6y
€8¢
(A%
Y0'€
61°C
y0'¢
Iy
09°¢
SL'1

61'0— 06'0
610 LT
1340 08l
9¢0 6L'1
S0 €8l
620 8S°1
1€°0 9¢°1
170 €Sl
L9°0 L6'1
90 Lyl
£€9°0 So'1
eyl (4
99°1 S6'C
1222 1€y
9T’¢ €y
¥9°C 08¢
(4! L8'C
€S°C gCe
L1 ere
LO'T Y'e
99°L 10°¢€
9¢C €9'¢
SI'e 0r'e
SLO 0ce

1102 Alenuer €z 92 :6T

0€0
0<0
Y01
€0'1
I
L8°0
€L’0
SLO
6C'1
980
10°T
(40!
9C'C
¥9°¢
(423
60°¢
LTC
99°C
Y
9Ll
0€'e
€6°C
89°C
€Sl

9’1
SL'T
Le
¥9°C
SLC
e
66’1
€r'e
0L'e
0C'c
L6'1
86'C
LOY
€66
8Y°¢S
90°¢
86'¢
89v
140 %
8¥'¢
ay
[h%
9¢Yy
9T’¢

W p8peo jumog

170
L9°0
(40!
LL'T
¥6'1
1971
860
I
S0'C
vl
61l
€e'T
89°¢
8¥°S
LES
c8'v
9¢°¢
[94%
8L'E
96'C
[R3
ey
0cy
ILc

PUIUY
[ouaydoueLH-
clouaydoiofy)-¢
[ouaydowoig-y
[oudydApounig-4g
[ouaydAyloN-¢
LlouaydoniN-
[ouaydoniN-¢
QUAN[OIONIN-T
,PUIZUIQONIN
apereyiydiApownq
arereypydiAyperg
suayydeuady
Juaikd[p]ozuag
QuddeIyUE[V]OoZUdY
QUADBIYIUR[AYIOIN-6
uareyydeu[AYIoN-7
LPuaIyueudyq
Louaton[]
LQuareyydeN
(JAudydrg

(PURIA]
LAUAORIYIUY
QUAIAIS

MARcEL DEKKER, INcC.

270 Madison Avenue, New York, New York 10016

®



19: 26 23 January 2011

Downl oaded At:

ORDER | _=*_[Il REPRINTS

1866 Guo et al.

study were calculated from their solvatochromic parameters by LSER
equations developed in the previous study,[S] and the solvatochromic
parameters of chemicals were obtained from the Refs.!'®~'°!. The retention
parameters of 47 chemicals on ODS, CN, and Ph columns are presented in
Table 1.

Methods

For binary mobile phase RP-HPLC system the retention factor (k) of
solute can be expressed as follows.”!

logk = logky — S¢ (1

where logk,, and S are the regression constants, ¢ is the content of organic
solvent in solvent/water mixture. The log k., can be regarded as the retention
factor with pure water as the mobile phase. The S reflects the effect of binary
mobile phase on retention. log k,, is the most commonly used parameter in
QRARs. BCF estimation from logk,, can be calculated from the following
equation:

log BCF = alogk, + b (2)

where a and b are the regression coefficients. The S parameter has proven to
be a useful molecular descriptor, and it describes the molecular interactions
different from those described by log k,,..*! BCF estimation from the combi-
nation of log k, and S can be calculated according to Eq. (3):

log BCF = a; logky + a2S + by 3)

where the ratio of a, and a; shows the optimum eluent composition to achieve
the best correlation between BCF and RP-HPLC retention parameters. Thus,
Eq. (3) has the best potential of a single binary mobile phase RP-HPLC system
for the estimation of BCF by optimizing the solvent/water binary mobile
phase.

The combination of RP-HPLC retention parameters containing different
molecular interactions, can possibly describe the whole molecular interactions
involved in environmental media/water partition. The RP-HPLC multi-
column method has proven to be a promising model of Koc estimation for a
wide range of chemicals. The normal form of the multi-column HPLC method

for the estimation of partition coefficients is:'™

J
logK = Zailogki—i—c 4)
i=1

Copyright © Marcel Dekker, Inc. All rights reserved.
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where K is the partition coefficient, & is the RP-HPLC retention factor. For the
binary mobile phase system, k can be substituted by log k,, and S. In this study,
K is BCF, therefore, Eq. (4) can be rewritten as:

J
log BCF = )~ (a;logky; + biSi) + ¢ (5)
i=1

where a;, b;, and c are the regression constants, j is the number of the chroma-
tographic systems, which have different selectivity.

RESULTS AND DISCUSSION
Estimation of BCF from log Kow

As a standard hydrophobic parameter of a compound, log Ko is the most
frequently used parameter for the estimation of BCF."'!! For the purpose of
comparison, in the present study, the correlations between BCF and log Kow
were studied for the congener chemicals and the entire chemical set separ-
ately. Good linear correlations were obtained for two classes of the congener
chemicals. The correlation coefficients (+7) are 0.99 for six alkylbenzenes and
0.91 for 12 chlorobenzenes, respectively, and the experimental log BCF
against the predicted log BCF from log Kow for 12 chlorobenzenes is shown
in Fig. 1. But for the group of 47 tested chemicals with various functional

predicted logBCF

0 1 2 3 4 5
experimental logBCF

Figure 1. Plot of experimental log BCF vs. predicted log BCF from log K, for 12
chlorobenzenes.
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groups, the 7~ is only 0.75, which was much lower in comparing with those for
congener chemicals. The linear regression correlation between log BCF and
log Kow for the entire 47 chemicals is:

log BCF = 0.751log Kow — 0.40

(6)
? =075, SE=0.52, F=140, n=47

where 72 is the correlation coefficients; SE is the standard error; F is the sig-
nificance factor; n is the number of test chemicals. The plot of the experimen-
tal log BCF against the predicted log BCF from log Kow for all the 47
chemicals is shown in Fig. 2. Apparently, a congenerity phenomenon exists
in the correlation between log Kow and log BCF.

Estimation of BCF from logk,, and S on a Single Column

As a common practice, log k., has been usually used to estimate partition
coefficients in QRARs.!”! By using the form of Eq. (2), the correlations
between logk,, and BCF were studied for the ODS, CN, and Ph columns.
Similar to the results of log Kow for BCF estimation, the congenerity pheno-
menon apparently existed in the estimation of log BCF from log k. For all of the
three columns, the good correlations between log k, and log BCF were found
for congeneric chemicals. For the six alkylbenzenes, the # values are 0.99 for
the ODS, 0.96 for the CN, and 0.95 for the Ph, and for the 12 chlorobenzenes,

5
E-) 4 1 ¢ .
on]
o o®
o} °.0
— 3} A
o . *s
[}
Sy o
=] .
[0] L™ -
é. .

1 R

.
0
0 1 2 3 4 5

experimental logBCF

Figure 2. Plot of experimental log BCF vs. predicted log BCF from log K,,,, for all 47
compounds.
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Estimation of Fish BCF Using RP-HPLC 1869

they are 0.91, 0.92, and 0.92, respectively. However, for all the 47 chemicals
belonging to several chemical classes, the r* decreases largely. The regression
results for the three columns are shown as follows:

ODS: logBCF =0.07 4 0.691logk,, SE =0.59, F =98.72,

r? =0.69 (7
CN: logBCF = 0.88 + 1.08logky, SE =0.48, F = 178.83,

r* =0.80 (8)
Ph: log BCF = 0.08 + 1.14logk,, SE =0.51, F = 146.32,

”? =0.76 )

Compared with ODS and Ph columns, the CN column has the lowest stan-
dard error, and the highest F value and r2, which show that the CN column is
the best one for the estimation of log BCF from log k,,. Comparing the results
of Eq. (8) with those of Eq. (6), it is shown that the CN column is also a better
model than the n-octanol model for BCF estimation on the basis of the 47
chemicals. In previous studies,™ a similar result was found in the estimation
of log Koc from log ky, on RP-HPLC columns, and the CN column was also
the best model for Koc estimation compared with the n-octanol model and
other RP-HPLC columns. This may be a result of the structures of the bonded
CN phase and the complex composition of natural organic matter. In contrast
to the ODS and Ph stationary phases, the CN stationary phase contains lipo-
philic (-CH,—-CH,—CH,-) and polar (—~CN) moieties, which are based on
a silica matrix. The binary-composition of the CN stationary phase, consisting
of polar and non-polar sites, enables polar and non-polar groups of a molecule
to interact in a more similar manner such as in organisms.

On the basis of Eq. (3), the contribution of S parameter to logk,, for
log BCF estimation can be evaluated. The * between log BCF and the combi-
nation of log k,, and S by Eq. (3) is 0.72 for the ODS column and 0.80 for the
Ph column. It is clear, that the values of the correlation coefficients of the com-
binations are increased in comparison with those of corresponding single
log k... But for the case of the CN column, almost no improvement of the 2
was found for the combination of logk,, and S compared with single log k.
This shows that § parameter on the ODS or Ph column has a contribution;
however, that on the CN column has no contribution to log k, for improving
the efficiency of log BCF estimation.

Multi-column RP-HPLC Method for Estimation of BCF

On the basis of Eq. (5), using the different retention parameters on the
ODS, CN, and Ph columns as the variables of the multiple linear regression

Copyright © Marcel Dekker, Inc. All rights reserved.
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equation, a systematic examination of various combinations of retention para-
meters for the estimation of BCF was performed. The statistical results of the
best three combinations are listed in Table 2, and r* values of any other
combinations are lower than 0.83. The valuable multi-column HPLC model
that has a high correlation coefficient and contains the simplest variables is
the combination of log ky,cn, log kywpn and Spy,. Its regression equation is:

log BCF = —2.21 — 4.351log kypp + 4.38Spy + 1.02 log kwcn
SE=043, F=75 r*=084, n=47 (10)

The linear correlation of the predicted log BCF by Eq. (10) vs. experi-
mental log BCF is shown in Fig. 3.

Although, as a single chromatographic system, the CN column is the best
one for estimation of BCF among the three columns. The results of Eq. (10)
show that its accuracy can be improved by including log kyp, and Sp, para-
meters on a Ph column. This implies, that the molecular interactions involved
in log kyp, and Spy, are complementary to those involved in log kycn for model-
ing fish/water partition.

The multi-column method involves several retention parameters that
describe different specific molecular interactions, therefore, the correlation
was improved compared with that based on a single chromatographic para-
meter, or a single chromatographic system. This result indicates that it is
possible to use the multi-column RP-HPLC method to estimate BCF values
for a wide range of chemical classes, but more work to verify the RP-HPLC
multi-column method in detail is needed.

CONCLUSION

This study shows that, for estimation of BCF of a set of organic chemicals
covering a wide range of classes, the predictability of the CN column model is

Table 2. The statistic results of the best three different combinations of
RP-HPLC retention parameters.

Combination of

retention parameters P SE F n

log kWODSv SODSv log kWCNa 0.84 0.44 36 47
Scns log kywpn, Sph

log kwens Scns 10g kypn, Sph 0.84 0.44 56 47

log kWCNv log kWth Sph 0.84 0.43 75 47

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 3. Plot of experimental log BCF vs. predicted log BCF from the combination
of log kycn, log kypp, and Spy, for all 47 compounds.

superior to the ODS and Ph column models, and also better than that of the
n-octanol model. In addition, the estimation correlation can be improved by
using the multi-column method including different retention parameters,
which describe more molecular interactions than that involved in single
column system.
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