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We presented a model that estimates the bioconcentration factor (BCF) of pesticides in potatoes suppos-
ing that the pesticide in the soil solution is absorbed by the potato by passive diffusion, following Fick’s
second law. The pesticides in the model are nonionic organic substances, traditionally used in potato
crops that degrade in the soil according to a first-order kinetic equation. This presents an expression that
relates BCF with the pesticide elimination rate by the potato, with the pesticide accumulation rate within
the potato, with the rate of growth of the potato and with the pesticide degradation rate in the soil. BCF
was estimated supposing steady state equilibrium of the quotient between the pesticide concentration in
the potato and the pesticide concentration in the soil solution. It is suggested that a negative correlation
exists between the pesticide BCF and the soil sorption partition coefficient. The model was built based on
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Food diet the work of Trapp et al. [Trapp, S., Cammarano, A., Capri, E., Reichenberg, F., Mayer, P., 2007. Diffusion of
Insecticide PAH in potato and carrot slices and application for a potato model. Environ. Sci. Technol. 41 (9), 3103-
Fungicide 3108], in which an expression to calculate the diffusivity of persistent organic substances in potatoes

is presented. The model consists in adding to the expression of Trapp et al. [Trapp, S., Cammarano, A.,
Capri, E., Reichenberg, F., Mayer, P., 2007. Diffusion of PAH in potato and carrot slices and application
for a potato model. Environ. Sci. Technol. 41 (9), 3103-3108] the hypothesis that the pesticide degrades

in the soil. The value of BCF suggests which pesticides should be monitored in potatoes.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Potato plants are cultivated in more than one hundred countries
from different continents because of their extraordinary adapting
capacity to different climatic and soil conditions, only being sur-
passed by wheat, rice and corn, and more than one billion people
consume these tubers. The potato’s agronomic efficiency guaran-
tees the use of several types of soils destined to food production,
which contributes to increase the potato cropping area in a global
scenario of rapid population growth and economic development.
In Brazil, the potato is pointed out as the main root tuber, with a cul-
tivated area larger than one hundred and forty thousand hectares.
The production in 2005 was of two million tons IBGE (2008). All over
the world, the main limiting factor to potato cropping is its suscep-
tibility to a great number of pests and diseases, some of them capa-
ble of causing serious production damages, which impose the use of
many and several types of pesticides, causing serious environmen-
tal and feeding problems (Caldas et al., 2004; Lépez-Pérez et al.,
2006; Leistra and Van Den Berg, 2007). Even by taking into account
that the most recent agronomic management techniques, suggested
by the integrated production systems reduce risks of environmental
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and feeding contamination, it is fundamental that managers, techni-
cians and researchers know how to estimate the accumulative po-
tential of pesticides in potatoes, enabling them to recommend
new products and technologies in order to have economically and
environmentally sustainable productions.

Potatoes are low in fat and are rich in several micronutrients.
Sized potato of 150 g provides nearly half the daily adult require-
ment (100 mg). They are a moderate source of iron, and its high
vitamin C content promotes iron absorption and a good source of
vitamins B1, B3 and B6 and minerals such as potassium, phospho-
rus and magnesium, and contains folate, pantothenic acid and ribo-
flavin. Potatoes also contain dietary antioxidants, which may play a
part in preventing diseases related to ageing, and dietary fiber,
which benefits health. The UN FAO (United Nations Food and Agri-
culture Organization) is currently promoting the tuber as a more
efficient food crop that can improve food security in developing
countries. About 80% of the potato crop can be used for human
consumption, significantly more than for cereals like corn and
wheat.

The bioconcentration of a substance in an organism is a process
that describes the increase of the concentration of the substance
in the organism in relation to the concentration of the substance in
the medium. The bioconcentration factor (BCF) of a substance in an
organism is a numeric value that measures the bioconcentration
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and expresses the partition of the substance between the organism
and the medium. In the chemical steady state equilibrium, this
coefficient is the quotient between the pesticide concentration in
the organism and the pesticide concentration in the medium. As
in every partition coefficient, the BCF does not also depend on dose
or on the concentration in medium, and should always be esti-
mated by the limit in time of the quotient between the concentra-
tion of the substance in the organism and the concentration of the
substance in medium (EPA, 1996; Paraiba, 2007). When the organ-
isms are cultivated foods, BCF permits an approximation of the
pesticide’s daily ingestion through its food consumption and estab-
lishes safe limits for pesticide concentrations in medium and indi-
cates which pesticides should be monitored in the food.

A classic experimental procedure used to estimate a pesticide
BCF in fish consists of exposing a fish test group to a constant pes-
ticide concentration in the water, until the quotient between the
concentration of the pesticide in the fish and the concentration
of the pesticide in the water reaches a steady state, this is the accu-
mulation phase, that is followed by an elimination phase of the
pesticide in which the previously contaminated fish are put in
clean water and the pesticide concentrations are monitored. The
experimental data concentrations obtained in both phases make
it possible to calculate BCF by the quotient between the pesticide
accumulation and elimination rates (OECD, 1996). However, this
procedure presents two main difficulties: keeping a constant con-
centration in water during the accumulation phase, and previously
determining the time required to reach the steady state. The diffi-
culties are even greater when the organisms are potato plants. It is
not easy to maintain a constant concentration in the soil and later
transport the contaminated potato plants to an appropriate pesti-
cide-free soil.

Most pesticides have a low or moderate persistence in the soil,
when compared with persistent organic pollutants. For this reason,
a model that takes into account that a constant concentration of
pesticides in the soil is not, in itself, adequate to estimate BCF in
potatoes of pesticides degrading in the soil. The experimental pro-
cedure, and respective mathematical model, must not only incor-
porate the degradation of the pesticide in the soil, it must also
describe a hypothetical situation in which it’s not necessary to
accomplish the transplant of polluted potatoes to a pesticide free
soil. The model should also simulate concentrations of pesticides
in the soil solution and in the potato, so that these can be used
to estimate the BCF, calculating the quotient’s steady state be-
tween the concentrations in the potato and in the soil solution.

Several studies indicate the presence of pesticides and organic
substances in potatoes (Dogheim et al., 2002; Fismes et al., 2002;
Samsoe-Petersen et al., 2002; Jensen et al., 2003; Poulsen and
Andersen, 2003; Rissato et al., 2005; Cesnik et al., 2006; Zohair
et al., 2006) but none of them present a theoretically acceptable
and experimentally model that one can use to estimate BCF in
potatoes of pesticides degrading in the soil. Thus, the objective of
this work was to model the kinetics of pesticide uptake for pota-
toes, to use this model to estimate BCF in potato pesticides fre-
quently used in this cultivation and to indicate which of them
should be monitored in potato samples. For hypothesis, the studied
pesticides are nonionic organic substances that degrade in the soil,
following a first-order kinetic equation. The model was built based
on the work of Trapp et al. (2007) in which Fick’s second law is
used for modeling the diffusive flow of the pesticide through the
potato tissues. The work of Trapp et al. (2007) suggests that the
mass transfer through the potato tissue occurs predominantly by
the soil solution. The model developed by Trapp et al. (2007)
makes it possible to estimate the diffusivity of organic substances
in soil for potatoes, and helps significantly to elaborate useful
mathematical models to determine the potato‘s bioconcentration
factor of nonionic pesticides degrading in the soil.

2. Materials and methods

Pesticide concentration in the soil surrounding the potato was
taken into account describing the equation below

Cs(t) = C5(0)e kst (1)

where C; (mgkg™') is the pesticide concentration in soil, Cy(0)
(mg kg~ 1) is the initial pesticide concentration in soil and k, (day ')
is the pesticide degradation rate in the soil estimated by, ks = 0.693/
t1/2, in which ¢, (day) is the half-life pesticide in the soil.

From the pesticide concentration in the soil, Eq. (1), the pesti-
cide concentration in the soil solution was estimated by

C puG0)e
(PsfocKoc + fu + faKaw)

where py, (kg L™!) and ps (kg L") are the soil densities in a humid
and dry basis, respectively. The f, f and f; coefficients are the vol-
umetric fractions of organic carbon, water and air of the soil, respec-
tively. K, (Lkg™!) is the soil sorption partition coefficient of the
pesticide and K,,, is air-water partition coefficient of the pesticide
estimated by

. Py x P,
T SxRx(273+T7) (3)

where (T = 25 °C) is the air temperature (R = 8.314 Pam>® mol~' T™1)
is the gas constant, P, (Pa) is the pesticide vapor pressure, Py,
(g mol~1) is the pesticide molar mass and S (g m~3) is the pesticide
water solubility.

The uptake and elimination of pesticides from surrounding
medium into a potato can be described by a compartment system
given by
dac, k.C
ar = G = (ke + kg)Cp (4)
where C, (mg kg~!) is the pesticide concentration in the potato, k,
(Lkg 'day 1) is the pesticide uptake rate by potato, ke (day ') is
the pesticide elimination rate by potato and kg (day~ 1) is the potato
growth rate.

The pesticide uptake rate was estimated supposing a passive
diffusion of the pesticide by potato from soil solution with diffu-
sion coefficient given by (Fick’s second law; Trapp et al., 2007)

23D,
n r20,Ksw

Cu(f)

(2)

Kaw

u (5)
where D, (m?day™') is the effective diffusion coefficient of pesti-
cide by potato tissue, r (m) is the radius of the potato, p, (kgL™")
is the density of the potato and K, (dimensionless) is the soil-
water partition coefficient of the pesticide. The potato density is
necessary to correctly define the pesticide uptake rate with unity
of Lkg~'day~! and to produce the bioconcentration factor with
units of L kg, and also, the pesticide uptake rate is inversely pro-
portional to the potato’s density (Crank, 1975). The dimensionless
soil-water partition coefficient of the pesticide was calculated by

sz = pgfocKoc +fw +faKaw (6)

The pesticide effective diffusion coefficient by potato tissue was
estimated by

Dy = pyTwDw (7)

where T,y is a tortuosity coefficient to account for the porosity of the
soil, and p,, (dimensionless) is the volumetric fraction of pesticide
dissolved in the water phase of potato tissue, calculated by
Pw = Wp/Kpw, in which wy, is the pore water fraction in the potato tis-
sue, D,, (m? day 1) is the pesticide diffusivity in water or soil solu-
tion estimated by
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4.93 x 10°°T /¢, Wm
T ) ®

where ¢,,=2.6 is an association term for the solvent (water),
Wm =18 gmol~' is the molar mass of the water, y, =8.9 x 107!
cp is the water viscosity, and vy, (cm® mol~!) is the molar volume
of the pesticide (Clark, 1996).

The pesticide elimination rate by potato was estimated suppos-
ing a passive diffusion of the pesticide by soil solution from potato
with diffusion coefficient given by (Fick’s second law; Trapp et al.,
2007)

23D,

where K, (dimensionless) is the potato-water partition coefficient
of the pesticide estimated by equation given by (Trapp et al., 2007)

Kpw = W) + CHp x Koy +0.8197 x I x (Kow)®"” (10)

where CH, and [ are the volumetric fractions of carbohydrate and
lipid of the potato tissue, respectively. K¢, is the partition coefficient
of carbohydrate-water (Chiou et al., 2001).

Thus, the potato pesticide concentrations can be given by the
equations

Cu(O)ky(e7s! —e~lkerke)r)
Cp t) = { (ke+kg—ks)

Cuw(0)k,te kst

if ke + kg#ks case 1a (11)
if ke + kg = ks case 2a

The BCF (L kg™!) in the steady state equilibrium can be determined
using Egs. (2) and (11) by

k\l
BCF = lim {Cp(t)} = etk
t=c0 [Cw (1) 400 if ke + kg < ks case 2b

if ke + kg > ks case 1b

(12)

that is, BCF(t) = Cy(t)/Cu(t) converges to a steady state as time tends
to infinity if, and only if ke + kg > ks, Eq. (12 - case 1b). Eq. (12 - case
1b) demonstrates that finite BCF values depend on the pesticide up-
take rate by potato, the pesticide elimination rate by potato, potato
growth rate, and pesticide degradation rate in soil. Thus, BCF de-
pends on the potato, pesticide and soil physical-chemical charac-
teristics. In this paper we are assuming that k. + kg > ks, Eq. (11 -
case 1a) and Eq. (12 - case 1b).

It is important to observe that the condition dCp/dt=0 fre-
quently used to estimate the steady state of equation Eq. (4) is true
if, and only if the pesticide concentration in the medium is con-
stant, in this case, BCF = k’i—kg When the soil pesticide concentra-
tion is not constant the dC,/dt=0 determines an unstable
equilibrium point of the G, = Cy(t).

Eq. (11 - case 1a)was used to estimate the required time to ob-
tain the maximum pesticide concentration in the potato by

= Intketkg)~Intks) The maximum pesticide concentration in potato

max = = ke+kg—ks

was estimated by Cp™* = Cp(tmax) (mgL™").

2.1. Input date of the model

Table 1 shows the potato and soil characteristics and Table 2
shows the pesticide parameters used in the model to estimate
the BCF values. The octanol-water partition coefficient, water sol-
ubility, vapor pressure and molecular mass were obtained in the
Syracuse Research Corporation (SRC, 2007). The molar volume
was estimated using the ChemSketch 5.0 computer program (Ad-
vanced Chemistry Development/ACD, Inc., 2006). The soil sorption
partition coefficient of the pesticide and the pesticide half-life in
the soil values were obtained from Hornsby et al. (1996) or PETE
model data base (Nicholls, 1994), or else, estimated by the EPI-
Suite system (Table 2). The EPI (Estimation Programs Interface)
EPI Suite™ is a Windows® based suite of physical-chemical prop-

Table 1
Potato plants and soil physical-chemical parameters applied to the model to estimate
the bioconcentration factor of pesticides in potatoes (BCF)

Parameter Symbol Value Unit
Potato water volumetric content? wp 0.778 gg!
Potato lipid volumetric content® l 0.001 gg!
Potato carbohydrate volumetric content® CHp 0.154 gg!
Potato growth rate? kg 0.139 day !
Potato density® Po 1.10 kgL'
Average potato sphere-ray?® r 0.04 m
Soil-organic carbon volumetric fraction® e 0.018 gg!
Soil-water volumetric fraction® I 0.28 gg!
Soil-air volumetric fraction® fa 0.12 gg!
Soil density on humid base® Pw 1.95 kg L!
Soil density on dry base?® Ps 1.60 kg L!

2 Trapp et al. (2007).
b http://www.starch.dk/isi/starch/tm5www-potato.htm.

erty and environmental fate estimation models developed by the
United States Environmental Protection Agency’s Office of Pollu-
tion Prevention Toxics and Syracuse Research Corporation
(http://www.epa.gov/opptintr/exposure/docs/episuite.htm).

In this study, the evaluated pesticides were selected through
personal interviews with traditional Brazilian potato producers
and were consulted on the Brazilian legally registered pesticide list
for potato crop use (ANVISA, 2007). Due to the nature of the model,
only pesticides with nonionic physical-chemical characteristics
were selected for the simulations.

3. Results and discussion

The model given by Eq. (12 - case 1b)was developed to estimate
potato pesticide BCF of soil degrading pesticides. For that, the po-
tato pesticide uptake and elimination rates were supposed to be
driven by passive diffusion processes in both soil solution and
potatoes, intermediated by the soil, water or potato pesticides
sorption coefficients. Moreover, the pesticide degradation in the
soil and pesticide dilution in the potatoes was supposed to be de-
scribed by first-order kinetic equations, Egs. (1) and (4), respec-
tively. Thus, the model assumes that the bioconcentration factor
(BCF) of pesticides in potatoes is a result of the pesticide mass bal-
ance between pesticide concentration in the soil solution and pes-
ticide concentration in the potato.

The pesticide lixiviation potential can be estimated through the
empirical GUS index calculus, given by, GUS=(4 — logK,) x
logt2. Depending on the GUS index numerical value, the pesticide
is classified as a leaching potential (GUS > 2.8), a non-leaching
potential (GUS < 1.8) or an undetermined leaching potential pesti-
cide (transient) (1.8 < GUS < 2.8) (Gustafson, 1989).

Six of the fifty studied pesticides (12%) are potentially leaching
pesticides. Thirty four (68%) are potential non-leaching pesticides.
And 10 (20%) are transient or of undetermined leaching potential
which means they might or might not be leaching pesticides (Table
3). The BCF varied between 0.0004Lkg™! (o-cyfluthrin) and
1.3161 L kg~ ! (methamidophos), indicating that the pesticide pota-
to concentration is, at most, within the same concentration range
or, at least, several ten-thousand times lower than the pesticide
concentration in soil solution (C, = C,,BCF).

Eq. (12 - case 1b) does not describe a first-order kinetics uptake
and elimination process of pesticide for potato, but allows estimat-
ing the time in which the potato pesticide concentration is maxi-
mum, tmax (days), and the maximum potato pesticide
concentration Cp(tmax). An initial soil solution pesticide concentra-
tion of 1.0mgL~! (C,(0)=1.0mgL ') would result in a potato
concentration in t;,x those are given in Table 3. Such values
(tmax and Cp(tmax)) Will provide information for planning potato
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Table 2

Pesticides and physical-chemical properties applied to the model to estimate the bioconcentration factor of pesticides in potatoes (BCF)

Pesticide Molar mass? (g mol~!) Vapor pressure” (Pa) Water solubility® (g m—3) log Kow® Ko (Lkg™) Half-life® (days) Ken©
Aldicarb 190.27 4.63E-03 6030 1.13 30° 30° 0.50
o-Cypermethrin 416.31 2.31E-05 0.01 6.94 108000° 360¢ 3.00
Azoxystrobin 403.40 1.10E-10 6 2.50 143° 14° 1.00
B-Cyfluthrin 434.30 2.00E-08 0.003 5.95 178600° 360° 3.00
Cadusafos 270.40 1.20E-01 248 3.90 767° 45P 2.00
Captan 300.59 1.20E-05 5.10 2.80 200* 3? 1.00
Carbaryl 201.23 1.81E-04 110 2.36 300° 10° 1.00
Carbofuran 221.26 6.47E—-04 320 2.32 22 50° 1.00
Cartap 273.81 9.40E-07 89100 —-0.95 42¢ 75¢ 0.10
Chlorfenapyr 407.62 9.81E—-06 0.11 4.83 24160¢ 360° 3.00
chlorfluazuron 540.66 1.21E-12 0.0044 5.80 7457° 50° 3.00
Chlorothalonil 265.91 7.60E—-05 0.60 3.05 1380° 30° 2.00
Chlorpyrifos 350.59 2.71E-03 1.12 4.96 6070* 30° 3.00
Cymoxanil 198.18 1.51E-04 890 0.59 14° 5P 0.20
Cypermethrin 416.31 4.09E-07 0.004 6.60 100000? 30° 3.00
Deltamethrin 505.21 2.00E-06 0.002 6.20 12038 40° 3.00
Difenoconazole 406.27 3.33E-08 15 4.30 1098° 120° 3.00
Dimethoate 229.26 1.10E-03 25000 0.78 20° 7? 0.20
Dimethomorph 387.87 9.84E-07 18.70 2.68 182° 10° 1.00
Ethion 384.48 2.00E—-04 2 5.07 10000* 150° 3.00
Ethoprophos 242.34 5.07E-02 750 3.59 70? 25 2.00
Famoxadone 374.40 6.40E—07 0.05 4.65 37760¢ 120°¢ 3.00
Fenamiphos 277.24 7.20E-03 38 3.30 2000* 42 2.00
Fenthion 278.33 1.40E-03 7.50 4.09 1500* 342 3.00
Fipronil 437.15 3.71E-07 1.90 4.00 3352¢ 360° 3.00
Fludioxonil 248.19 3.91E-07 1.80 4.12 998° 150° 3.00
Folpet 296.56 2.09E-05 0.80 2.85 2942 52 1.00
Imidacloprid 255.67 4.00E-10 610 0.57 11° 120° 0.20
Iprodione 330.17 5.00E-07 13.90 3.00 700° 14° 2.00
A-Cyhalothrin 449.86 2.00E-07 0.0009 7.00 180000* 30° 3.00
Lufenuron 511.16 1.11E-08 0.06 5.12 3303° 15° 3.00
Mancozeb 541.03 1.76E—-08 6.20 1.33 2000? 70° 0.50
Metalaxyl 279.34 3.31E-03 26000 1.71 50° 70? 0.50
Methamidophos 141.13 4.71E-03 1000000 —0.80 57 6° 0.10
Methidathion 302.33 4.49E-04 187 2.20 4007 7° 1.00
Parathion methyl 263.21 4.67E-04 37.70 2.86 523¢ 75°¢ 1.00
Pencycuron 328.85 5.00E-10 0.30 4.82 8791¢ 75¢ 3.00
Phenthoate 320.37 3.47E-04 11 3.69 1000* 357 2.00
Phorate 260.38 8.51E-02 50 3.56 1000* 60* 2.00
Procymidone 284.14 1.87E-02 4.50 3.08 1500* 7? 2.00
Profenofos 373.64 1.20E-04 28 4.68 2000* 8? 3.00
Propiconazole 342.23 1.33E-04 110 3.72 650% 110° 2.00
Prothiofos 345.25 1.25E-03 0.07 5.67 6382° 35° 3.00
Quintozene 295.34 6.67E—03 0.44 4.64 2252° 200° 3.00
Tebuconazole 307.83 1.71E-06 36 3.70 603" 120° 2.00
Teflubenzuron 381.12 8.00E-10 0.02 4.56 1237° 20° 3.00
Tetradifon 356.06 3.20E-08 0.08 4.61 1794° 90° 3.00
Tolylfluanid 347.26 2.00E-04 0.90 3.90 1728°¢ 120°¢ 2.00
Triazophos 313.32 3.87E-04 39 3.34 504> 18P 2.00
Triflumuron 358.71 4.00E—08 0.03 491 2569° 40° 3.00

A Values from SRC (2007).

B Values from *Hornsby et al. (1996) or "PETE (Nicholls, 1994) or estimated by EPI-Suite (http://www.epa.gov/opptintr/exposure/docs/episuite.htm).

€ Chiou et al. (2001).

pesticide monitoring programs regarding maximum allowed con-
centrations of pesticide would also be helpful for establishing safe
strategies for potato crop management in a contaminated soil with
pesticides.

In general pesticides with high soil sorption partition coefficient
can be found sorbed in soil matrix making them unavailable for lix-
iviation or plant uptake. On the other hand, pesticides with high
water solubility are theoretically the most available ones to bio-
concentrate into potatoes, due to their high water diffusivity and
low soil sorption partition coefficient. Apart from that, pesticides
with relatively high soil half-life and low soil sorption partition
coefficient are classified as potential leaching pesticides because
of their GUS index values (Table 3).

Considering the GUS index, soil sorption partition coefficient of
the pesticide, K,. and BCF values all together, methamidophos,
cymoxanil, imidacloprid, dimethoate, carbofuran, aldicarb, etho-

prophos, cartap, metalaxyl, fenamiphos, azoxystrobin, tebuconaz-
ole, propiconazole, cadusafos, fludioxonil, parathion methyl and
difenoconazole are the priority pesticides to be monitored in pota-
toes. Although Rissato et al. (2005) have found 0.092 mg kg™' of
chlorothalonil, 0.013 mg kg~ of tebuconazole and 0.022 mg kg !
of cypermethrin in commercial potato samples, such pesticide
concentrations probably occurred because of the high pesticide
concentrations in soil solution estimated by (C, =C,/BCF)
(Ctebuconazole =0.27 mg Lil; Cehlorothalonil = 4.87 mg Lil; Ccypermethrin =
27.5mgL"), which was not experimentally verified by Rissato
et al. (2005).

Fig. 1 shows the relationship between logK,. (the logarithm of
soil sorption partition coefficient) and log BCF (the logarithm of
bioconcentration factor). The empirical regression model obtained
was logBCF = 0.85(+0.06) — 0.78(0.02) logK,. (n=50) with R-
squared = 0.97%, correlation coefficient = —0.98 and p < 0.001, indi-
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Table 3

Bioconcentration factor (BCF), time of the maximum potato pesticide concentration tyax, maximum potato pesticide concentration Cy(tmax), GUS index and lixiviation classes

Pesticide BCF (Lkg™") tmax (days) Cp(tmax) Cw(0)=1.0mgL™! GUS Lixiviation class
Methamidophos 1.3161 2 0.8837 2.57 Transient
Cymoxanil 0.8530 3 0.4982 1.99 Transient
Imidacloprid 0.8192 6 0.7855 6.15 Leaching
Dimethoate 0.6415 3 0.4162 2.28 Transient
Carbofuran 0.6294 6 0.5650 4.52 Leaching
Aldicarb 0.4543 5 0.3942 3.73 Leaching
Ethoprophos 0.3894 7 0.2965 3.01 Leaching
Cartap 0.3193 6 0.2994 4.46 Leaching
Metalaxyl 0.2886 7 0.2657 4.25 Leaching
Fenamiphos 0.2283 8 0.1966 3.40 Leaching
Captan 0.1629 3 0.0553 0.81 Non-leaching
Azoxystrobin 0.1349 5 0.0947 2.11 Transient
Dimethomorph 0.1152 5 0.0714 1.74 Non-leaching
Folpet 0.0913 3 0.0460 1.07 Non-leaching
Carbaryl 0.0714 4 0.0493 1.52 Non-leaching
Methidathion 0.0555 3 0.0335 1.18 Non-leaching
Triazophos 0.0549 6 0.0393 1.63 Non-leaching
Tebuconazole 0.0481 12 0.0441 2.54 Transient
Teflubenzuron 0.0465 10 0.0280 1.18 Non-leaching
Propiconazole 0.0461 12 0.0421 2.42 Transient
Cadusafos 0.0440 10 0.0359 1.84 Transient
Fludioxonil 0.0432 13 0.0400 2.18 Transient
Profenofos 0.0430 7 0.0134 0.63 Non-leaching
Parathion methyl 0.0406 7 0.0374 2.40 Transient
Iprodione 0.0368 5 0.0254 1.32 Non-leaching
Difenoconazole 0.0368 16 0.0328 1.99 Transient
Phenthoate 0.0307 9 0.0245 1.54 Non-leaching
Tetradifon 0.0292 16 0.0250 1.46 Non-leaching
Phorate 0.0290 9 0.0254 1.78 Non-leaching
Fenthion 0.0274 10 0.0209 1.26 Non-leaching
Quintozene 0.0262 18 0.0243 1.49 Non-leaching
Triflumuron 0.0242 14 0.0173 0.95 Non-leaching
Lufenuron 0.0224 11 0.0100 0.57 Non-leaching
Procymidone 0.0203 4 0.0110 0.70 Non-leaching
Tolylfluanid 0.0195 12 0.0178 1.59 Non-leaching
Chlorothalonil 0.0189 6 0.0158 1.27 Non-leaching
Prothiofos 0.0124 15 0.0080 0.30 Non-leaching
Chlorpyrifos 0.0110 13 0.0072 0.32 Non-leaching
Fipronil 0.0108 17 0.0104 1.21 Non-leaching
Mancozeb 0.0089 6 0.0084 1.29 Non-leaching
Chlorfluazuron 0.0088 18 0.0063 0.22 Non-leaching
Pencycuron 0.0062 17 0.0051 0.10 Non-leaching
Deltamethrin 0.0060 17 0.0039 -0.13 Non-leaching
Ethion 0.0056 21 0.0050 0.00 Non-leaching
Chlorfenapyr 0.0022 24 0.0021 —0.98 Non-leaching
Famoxadone 0.0013 18 0.0011 -1.20 Non-leaching
Cypermethrin 0.0008 15 0.0005 —1.48 Non-leaching
o-Cypermethrin 0.0006 31 0.0006 —2.64 Non-leaching
r-Cyhalothrin 0.0004 15 0.0002 -1.85 Non-leaching
B-Cyfluthrin 0.0004 30 0.0003 —3.20 Non-leaching

cating a liner regression and a negative correlation between the
dependent variable (logBCF) and the independent variable (log-
Koc). log Ko had good correlation with log BCF. Zohair et al. (2006)
also pointed out that the polyaromatic hydrocarbon (PAH) BCF's
in potatoes may decrease when the K, value increases, which
for PAH is equivalent to the soil sorption partition coefficient
increase.

Furthermore, the BCF value permits an approximation of the
pesticide‘s daily intake (DI) per body weight by consumption of
potatoes cultivated in pesticide contaminated soils, and establish-
ing environment pesticide acceptable limits for agricultural use.
For example a soil solution supposed to contain 1.0 mg kg~ of
methamidophos result a potato pesticide concentration of
1.3161 mg kg~! (C, = C,BCF) and a daily intake of 0.0094 mg kg’
(mg of methamidophos per kg body weight, considering a 70 kg
body weight person with a daily potato consumption of 0.5 kg),
calculated by DI=0.5 x C,/70. This DI value would be 188 times
higher than the reference dose (RfD) of 5.0 x 10> mg kg~! day~!,

defined by EPA for methamidophos (EPA, http://www.epa.gov/
iris/subst/0250.htm). On the overall, RfD is an estimate of human
daily exposition to chemical agents that would not present a health
injury risk along a lifetime and it is expressed in milligrams of
chemical agents per kg body weight per day (mgkg™! day™!)
(EPA, 2007).

Therefore, potatoes treated with pesticides must be monitored
for pesticide concentration and, in theory, when consumed they
should not present pesticide concentrations above the RfD value.
Or, for instance, soil methamidophos concentrations higher than
5.3 x 10> mg kg™ (Cuestimatea) = 70 x RfD/(0.5 x BCF)) should be
avoided, because such values might result in potato pesticide con-
centrations which are higher than the methamidophos RfD value.
Wau et al. (2001) reported three clinical cases of human poisoning
caused by consumption of methamidophos-contaminated vegeta-
bles, including sweet-potatoes. It is important to point out that
the pesticide BCF values from Table 3 (logK,. > 4.0) are in the
same BCF value range of the polyaromatic hydrocarbons (PAH)
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logBCF = 0.85 - 0.78logKoc, R-sq = 97.57%;
Ccor =-0.98; p<0.0001; n=50
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Fig. 1. Linear regression equation for the relationship between the logarithm of soil
pesticide sorption coefficient (logK,) and the logarithm of bioconcentration factor
of pesticides in potatoes (logBCF) estimated by the potato pesticide bioconcentra-
tion model.

(logKyw = 4.0) experimentally observed in potatoes by Fismes
et al. (2002) and Samsoe-Petersen et al. (2002). No other experi-
mental potato pesticide BCF values have been reported.

4. Conclusions

A potato pesticide bioconcentration model is presented to esti-
mate the BCF values of soil degrading nonionic pesticides. The BCF
model expression depends directly on the potato pesticide uptake
rate, and inversely, on the potato pesticide elimination rate, potato
growth rate, and soil pesticide degrading rate. By means of the po-
tato pesticide bioconcentration factor and soil sorption partition
coefficient, it is possible to point out the existence of a negative lin-
ear correlation between the logarithms of the soil sorption parti-
tion coefficient and the logarithms of BCF. The potato BCF were
estimated for about 50 pesticides and a priority pesticide group
was suggested to be monitored in potatoes. The pesticide daily in-
take by potato consumption estimate, the establishment of soil
pesticide safe limits for potato cropping and the selection of pesti-
cides for potato sample monitoring can be accomplished using the
bioconcentration factor values. Mathematical models can contrib-
ute to forecasting pesticide concentrations and suggesting which
pesticides should have priority and which should be systematically
monitored in potato samples. Field and laboratory experiments
must be conducted in order to test and validate the present model.
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