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Occurrence of N-nitrosamines and their precursors on chloramination and ozonation
in water supply in Japan

Koji KOSAKA', Hayato HIROSE", Mari ASAMI' and Michihiro AKIBA®

'Water Management Section, Dept. of Environmental Health, National Institute of Public Health
*Water Supply Division, Health Bureau, Ministry of Health, Labour and Welfare
*National Institute of Public Health

Occurrence of N-nitrosamines (N-nitrosodimethylamine (NDMA), N-nitrosomorpholine (NMor) and -
nitrosopyrrolidine (NPyr)) in raw and finished waters at 19 water purification plants were investigated.
NDMA was detected in 11 of total 36 raw waters and 9 of total 36 finished water. NMor was detected in
4 of total 36 raw waters and 4 of total 36 finished water. NDMA and NMor were detected in all ten
sewage effluents and the waterway which is located just downstream of effluent from a factory. NPyr was
not detected in all samples of purification plants and effluents. The number of samples whose NDMA
concenirations increased after chloramination was larger than those after ozonation. In case of NMor,
NMor concentrations in the samples did not increase after chloramination or ozonation. NPyr
concentrations in the samples did not increase after ozonation, but increased after chloramination in some
cases. The effects of ozonation time on NDMA formation were examined using three different samples.
For all samples, NDMA formation became stable when dissolved ozone in the samples was detected.
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Behavior of lodinated X-ray Contrast Media in
Lake Biwa ~ Yodo River Basin and Water Chlorination Process

Yuto MORITA', Shinya ECHIGO?, and Sadahiko ITOH?

‘Dept. of Envirommental Engineering, Graduate School of Engineering, Kyoto University
Iy e . ~ " N w N v < N
Environmental Graduate School of Global Environmental Swidies, Kyoto University

Jodinated X-ray confrast media exist at relatively high concentration in the aguatic environment. These
compounds may be tansformed into toxic todinated disinfection byproducts during chlorination process,
fr s study, a survey on lodinated X-ray contrast medis und absorbable organic todine (AOD
concentration was conducted in the Lake Biws-Yodo River Basin, fodinated Xoray contrast media
concentration and their contributions 1o AQL tended to be larger in the downstream area (contributions: up
to 20%) than in the upstream mres, Also, the reactivity of jodinated Xeray contrast media to chiorine
highly depended ou their specific chemical structures. In addition, the reaction rate of jopamidol and
chlorine was high enough to fransform fopamidol to different compuounds in the time scale of typical
water supply systems.
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ABSTRACT

Measuring river water concentrations of all pesticides applied in a catchment area is
a daunting task. This study aims to develop new score tables for selecting analytical target
pesticides. Sensitivity analyses were conducted using a diffuse pollution hydrologic model
to quantitatively evaluate the influence of pesticide properties (e.g., log Koc, degradability
[half-life]) on concentrations of rice-farming pesticides in river water. Using the results of
the analyses, score tables were systematically designed for the pesticide properties such
that the sum of the scores for a particular pesticide, designated as the contamination
index, was proportional to the expected/predicted concentration of that pesticide in river
water. The contamination indexes for pesticides applied in three river basins were calcu-
lated and compared with the corresponding observed pesticide concentrations. Correla-
tions between contamination indexes and observed concentrations were fairly good.
Pesticides were ranked according to the quotients obtained by dividing the pesticide
concentrations predicted from the contamination indexes by the corresponding drinking-
water quality guideline values, and pesticide candidates to be monitored were successfully
selected on the basis of a threshold quotient.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

concentration of 0.1 pg/L for individual pesticides and
a maximum total acceptable concentration of 0.5 pg/L for all

Pesticides have markedly enhanced agricultural productivity
and crop yields (e.g. Bolognesi, 2003). However, pesticide
releases from agricultural fields and the resulting contamina-
tion of surface water threaten human health, as well as the local
ecosystem in many regions, because surface water is a primary
source of drinking water (Gilliom et al, 1999; Capri and
Karpouzas, 2007; Hildebrandt et al., 2008; Vryzas et al., 2009;
Wittmer et al., 2010). Governments regulate pesticide concen-
trations in drinking water. For example, the European Union
Drinking Water Directive specifies a maximum acceptable

* Corresponding author. Tel./fax: +81 11 706 7280.
E-mail address: matsui@enghokudai.ac.jp (Y. Matsui).

pesticides and their metabolites, degradation products, and
reaction products (Drinking Water Directive, 1998). The
analytical target pesticides are not defined by the Directive, but
those pesticides which are likely to be present in a given supply
need be monitored by the monitoring authority. In order to
select the analytical target pesticides, therefore, a risk assess-
ment is required which takes into account the pesticide usage
and the local circumstances, but this process is not defined in
the Directive. Japanese drinking water quality guideline
(JDWQG) specifies that DI value should not exceed 1; DI is the

0043-1354/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.

doi:10.1016/j. watres.2011.11.036
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sum of the DVy/GV; quotients for monitored pesticides [MHLW]
(Ministry of Health, Labor and Welfare of Japan), 2003a]:

DV;

where DV, is the observed concentration of pesticide i and
GV; is the reference concentration of pesticide i and is deter-
mined in JDWQG by MHLW]J (2003a) based on the acceptable
daily intake of the pesticide. A hundred and two pesticides are
listed in Pesticide Group 1 of JDWQG on the basis of the
quantities sold and the availability of quantification methods,
and the monitoring authority can further select the analytical
target pesticides depending on its local circumstances. The
selection process is, however, not defined.

Chemical scoring and ranking methods are developed as
a screening tool for risk assessment of chemicals (Swanson
et al., 1997; Finizio et al., 2001; Gramatica and Guardo, 2002;
Juraske et al., 2007). A score table that ranks pesticides has
been proposed for the selection of analytical target pesticides
for JDWQG (Kamata et al., 2007). In this score table (hereafter
referred as the old score table), a pesticide is scored between 1
and 5 for each of the following properties: quantity sold,
octanol—water partition coefficient (log Kow), degradability,
and acceptable daily intake (ADI), as shown in Table 1S in the
supplementary information. Ideally, the sum of the first three
scores (Scores A—C in Table 1S, which are related to pesticide
runoff from rice paddies), should be well correlated with the
concentrations of a particular pesticide in river water, but the
old score table has not been validated. Generally, the results of
chemical ranking approach have rarely been validated against
measured concentrations, while the approach is applied for
screening pesticides in surface water (Altenburger et al., 1993;
Papa et al., 2004). In addition, the old score table does not
include any criteria for selecting which pesticides should be
monitored. For example, even if a list of pesticides was sorted
and prioritized by means of the old score table, the table does
not specify an absolute threshold value above which a pesti-
cide should be selected for monitoring. Consequently, the old
score table is hardly accepted as a screening tool by moni-
toring authorities.

In the current study our aim was to develop and test new
score tables for (1) selecting pesticides with the potential to
contaminate river water and (2) facilitating the development of
a program for monitoring water quality. Rice-farming pesti-
cides were investigated in this study as unlike upland field
pesticides, they enter river water at high rates due to the large
amount of fresh natural water required during the cropping
season (Matsui et al., 2002). Therefore, pesticides applied to
rice-paddy fields have a greater potential to contaminate river
water, some of which is the source of drinking water.

2. Materials and methods
2.1.  Diffuse pollution hydrologic model
Although many models and their applications have been re-

ported, few are designed to predict runoff of rice-farming
pesticides from rice-paddy fields (Inao and Kitamura, 1999;

Miao et al., 2003; Nakano et al., 2004; Inao et al., 2008). More-
over, very few studies have attempted to develop a diffuse
pollution hydrologic model applicable to basin-scale catch-
ments (Matsui et al., 2002). In this study, we applied a diffuse
pollution hydrologic model, which is capable of predicting the
rice-farming pesticide concentrations in river water (Matsui
et al., 2006a, b, Matsui et al., 2007), for conducting sensitivity
analysis and then developing score tables. Sensitivity analysis
capability of the model is also verified using the data of
pesticide runoff dependency on Kow (Tani et al, 2010). To
apply the model to the river basins, we divided each catch-
ment area into a grid of 1-km? cells and then subdivided each
grid cell into at least 12 compartments: a rice-paddy
compartment et al. (Matsui et al., 2006a). It is assumed that
applied pesticides reach the paddy fields (the loss due to the
drift of pesticide, the effect of application mode, the effect of
spray formulation, and the effect of adjuvants were not
accounted). A set of differential mass-balance equations was
defined to describe the dynamics of the pesticide and water in
each compartment. The equations are solved as a system of
ordinary differential equations by Gear's stiff method (back-
ward differentiation formulas) from the IMSL MATH/LIBRARY
(Visual Fortran Versions 6.6, Compagq). The Chikugo River
(33.18°N, 130.28°E, length: 143 km, basin area: 2860 km?) and
Sagami River basins (35.25°N, 139.22°E, length 109 km, basin
area 1680 km?) were selected as the model river basins.

2.2. Pesticides

Pesticide concentrations observed in 2004—2008 in the Mabe-
chi River (40.47°N, 141.42°E, length 142 km, basin area
2050 km?) and in 2004—2007 in the Chikugo and Sagami Rivers
were used for evaluating the score tables. Pesticide concen-
tration data were obtained from the local water supply
authorities (see Acknowledgments), who measured pesticide
concentrations almost weekly according to the JDWQG stan-
dard methods (MHLW]J, 2003b). Pesticide property data were
obtained by PCKOCWIN (organic carbon partitioning coeffi-
cient estimation program), KOWWIN (octanol-water parti-
tioning coefficient estimation program) and BIOWIN
(biodegradation factor estimation program) modules in the EPI
(Estimation Program Interface) Suite (Aronson et al., 2006; US
Environmental Protection Agency, 2007) Tomlin, 2006;
Kamrin, 1997), and Ministry of the Environment of Japan
(2010). The quantities of pesticides sold in the basins were
estimated from pesticide sale data books (Japan Plant
Protection Association, 2005-2008) after allocation of the
pesticide sales to the river basins on the basis of land-use data
(Matsui et al., 2006a; Kamata et al., 2008).

2.3. Sensitivity analyses for constructing the new score
tables

2.3.1.  Score for quantity of pesticide sold

Pesticides applied in fields reach the river after having been
diluted. Therefore, the basic potential for the pesticide
concentration in river water should be proportional to the
quantity of pesticide sold divided by the river flow rate. In the
current study, the score for the quantity of pesticide sold,
defined as Score ¥, is given by ’
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S X=1 —-) 2
core og ( a3 @)
where M is the quantity of pesticide sold (mg/year), Q is the
annual river flow rate (km?/year).

2.3.2.  Score for pesticide degradation and adsorption

Using the diffuse pollution hydrologic model, sensitivity
analyses were previously conducted to evaluate the influence
of each pesticide property independently and indicated that
adsorption and degradation in soil are the most influential
properties and water solubility somewhat affects pesticide
runoff (Tani et al,, 2010). However, the analyses were not
aimed to design score tables. For designing score tables,
interdependency of pesticide properties needs to be incorpo-
rated in sensitivity analyses. In the current sensitivity anal-
yses, interdependency of soil adsorption coefficient and water
solubility are incorporated: highly soluble compounds tend to
have low soil adsorption coefficients and vice versa. The
following regression equation for the relationship between
Koc, the organic-carbon-based soil adsorption coefficient (mlL/
g), and water solubility (S, mg/L) has been proposed to be
applicable for most pesticides (Lyman et al., 1990):

0.55logS = —logKoc + 3.64 (3)

Therefore, we considered two parameters [Koc for adsorp-
tion and half-life in soil (HLS) for degradation] in our sensi-
tivity analyses, and water solubility was treated as a sub-
parameter represented by the soil adsorption coefficient
according to Eg. (3). Finally, in the sensitivity analyses of this
study, input values of HLS, which is an index of soil degra-
dation, were varied between 1072 and 10° day, and Koc, an
index of organic-carbon-based soil adsorption in soil, was
varied between 1 and 10° mL/g [the ranges covers all pesti-
cides listed in JDWQG and covers almost all pesticides listed in
The e-Pesticide Manual (Tomlin, 2006)]). Because the runoff
rates of herbicides and fungicides differ owing to differences
in application dates (Tani et al., 2010), sensitivity analyses for
herbicides and fungicides were conducted separately. Details
of the sensitivity analysis procedure are seen in the paper of
Tani et al. (2010).

Fig. 1 shows a graph of the results of the fungicide sensi-
tivity analysis for adsorption and degradation in soil of the
Sagami River basin; the vertical axis is the dimensionless
simulated pesticide concentration (C/My), where C is the
average simulated concentration (ug/L) for the 4-month period
starting with the date of fungicide application, and My is
a parameter determined by the quantity of the applied fungi-
cide (mg) divided by the total river flow volume (L) for the 4
months starting from the date of application. Another fungi-
cide sensitivity analysis was conducted for Chikugo River basin
and a similar result to Fig. 1 was obtained. Because Score X is
designed as such that a score increment of 1 corresponds to
a 10-fold increase in pesticide concentration, scores for soil
adsorption and soil degradation, defined as Score Y (view A in
Table 1), were also designed similarly as Eq. (4) after the C/My
values for the two rivers were averaged geometrically.

Score Y = log<~1\§—v—) 4
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Fig. 1 — Plot of results of sensitivity analysis for adsorption
and degradation in soil for fungicides in the Sagami river
basin. Dimensionless pesticide concentrations (C/My),
where C is the average simulated concentration for the 4-
month period starting from the date of pesticide
application (ug/L), and My is a parameter determined by
the quantity of the applied fungicide (mg) divided by the
total river flow volume (L) for the 4 months starting from
the date of application, are plotted against Koc and HLS
(half-life with regard to degradation in soil).

Because the concentration is normalized by the quantity of
the applied pesticide in Eq. (4), Score Y value is not affected by
the quantity of the applied fungicide but it is reflected by HLS
and Ko values. A score table for herbicides (view B in Table 1)
was determined by means of a process similar to that used for
fungicides.

With regard to degradation in water, Tani et al. (2010) re-
ported that pesticide concentrations are influenced and
decreased only when the rate constant of degradation in
water was large. The sensitivity analyses for degradation in
water of the Sagami and Chikugo River basins were conducted
in the current study and similar results to Tani et al. (2010)
were obtained. Using the results of the sensitivity analyses
and Eq. (5), the score tables for values of half-life in water
(HLW) were determined in the same way as that of Score Y
(Score Z in view C of Table 1).

Score Z =log (Mi‘/) 5)
3. Results and discussion
3.1. Correlation between contamination index and

pesticide concentration

Pesticide concentrations observed from 2004 through 2008 in
the Mabechi River as well as from 2004 through 2007 in the
Chikugo and Sagami Rivers were used for the evaluation of the
score tables. Contamination index values, defined as the sum
of the scores, were calculated for each of the pesticides used in
the Mabechi, Chikugo, and Sagami River basins by means of



Table 1 — New score tables for soil adsorption, soil degradation, and water degradation of funglc:des and herbicides. Koc is

the orgamc—carbon-based soil adsorption coefficient (mL/g), and HLS is the half-life (day) with respect 1o degradatmn in soil.
HLW is the half-life (day) with respect to degradation in water. :

A. Values of score Y for fungicides

log HLS log Koc
6.0> 5.5> 5.0> 45> 4.0> 3.5> 3.0> 2,5> 2.0> 1.5> 1.0> 0.5>
& >55 &>50 &>45 &>40 &>35 &>30 &>25 &>20 &>15 &>1.0 &>05 &>0.0

3.0> & >25 0.4 1.1 15 1.6 1.7 1.8 1.8 1.8 1.9 2.1 2.2 25
25> & >2.0 0.4 11 1.5 1.6 17 1.7 18 18 19 2.0 2.2 25
20> & >15 0.4 1.1 1.5 16 1.7 1.7 1.7 1.8 1.8 2.0 2.1 2.3
1.5> & >1.0 0.5 1.1 15 1.6 1.6 1.6 1.6 17 18 1.9 2.0 21
1.0> & >05 0.4 1.1 1.5 1.6 1.6 1.5 1.4 1.5 1.6 1.7 1.8 1.9
0.5> & > 0.0 0.4 1.1 1.5 1.6 1.6 14 1.3 1.3 14 ) 1.5 1.6 17
0.0> & > 0.5 0.4 11 15 1.6 1.5 1.3 1.2 S 1.2 1.3 1.4 14 15
—0.5> & >-1.0 0.3 1.0 15 1.6 1.5 1.3 1.2 11 12 1.2 13 1.3
-1.0> & >-1.5 0.3 1.0 15 1.6 15 1.3 11 1.1 11 11 1.1 1.2
~1.5> & >-2.0 0.4 1.1 15 16 1.5 13 11 11 1.0 11 1.1 1.1

B. Values of score Y for herbicides

log HLS log Koc
6.0> 5.5> 5.0> 4.5> 4.0> 35> 3.0> 2.5> 2.0> 1.5> 1.0> 0.5>

&>55 &>50 &>45 &>40 &>35 &>30 &>25 &>20 &>15 &>1.0 &>05 &>00
3.0> & >25 0.4 1.1 1.5 1.7 1.7 1.8 1.8 1.8 1.9 2.0 2.1 2.3
25> & >20 0.3 1.1 1.5 1.6 1.7 1.7 1.8 1.8 1.9 2.0 2.1 2.2
20> & >15 0.3 1.1 1.5 1.6 1.7 1.7 1.7 1.7 1.8 1.9 2.0 21
15> & >1.0 0.3 1.0 1.5 1.6 1.6 1.6 1.6 1.7 1.7 1.8 1.9 2.0
1.0> & >0.5 0.3 1.0 15 1.6 1.6 15 1.5 1.5 16 17 - 17 1.8
0.5> & >0.0 0.3 1.0 1.5 1.6 1.5 1.4 1.3 1.4 1.5 1.5 1.6 1.7
0.0> & >-05 0.3 1.0 1.5 1.5 1.5 1.3 1.3 1.3 1.3 14 15 1.5
-0.5> & >-1.0 0.3 1.0 1.5 1.5 1.5 13 1.2 1.2 1.3 13 13 14
~1.0> & >-1.5 0.3 1.1 1.5 1.5 1.5 1.3 1.2 1.2 1.2 1.2 13 1.3
~1.5> & >-2.0 0.3 1.0 15 1.6 1.5 1.3 1.2 1.2 1.2 12 1.2 1.2
C. Values of score Z for fungicides and herbicides
Log HLW of fungicides Log HLW of herbicide Score Z
>1.59 >1.38 3.0
1.59> & >0.87 1.38> & >0.86 2.9
0.87> & >0.55 0.86> & >0.62 2.8
0.55> & >0.32 0.62> & >0.43 2.7
0.32> & >0.14 0.43> & >0.25 2.6
0.14> & >-0.02 0.29> & >0.16 2.5
-0.02> & >-0.15 0.16> & >0.05 2.4
-0.15> & >-0.27 0.05> & >—0.05 2.3
-0.27> & >-0.38 —-0.05> & >-0.14 2.2
-0.38> & >-0.48 -0.14> & >-0.23 2.1
—0.48> & >-0.57 -0.23> & >-0.31 2.0
-0.57> & >-0.66 -0.31> & >-0.38 1.9
-0.66> & >-0.74 -0.38> & >-0.45 1.8
—-0.74> & >-0.82 —-0.45> & >-0.52 1.7
-0.82> & >--0.89 -0.52> & >--0.59 1.6
-0.89> & >-0.97 —-0.59> & >-0.65 1.5
—-0.97> & > ~-1.03 -0.65> & >-~0.71 14
-1.03> & >-1.10 -0.71> & >--0.77 1.3
-1.10> &>-1.16 —0.77> & >-0.83 1.2
-1.16> & >-1.22 -0.83> & >-0.88 1.1
~1.22> & >-1.28 -0.88> & >-0.94 1.0
—-1.28> & >-1.34 —0.94> & >-0.99 0.9
-1.34> & >-1.39 —-0.99> & >-1.04 0.8
—-1.39> &>-1.44 -1.04> & >-1.09 0.7
—1.44> & >-1.49 ~1.09> & >-1.14 0.6
-1.49> & >-1.55 -1.14> & >-1.19 0.5
-1.55> & >-1.59 -1.19> & >-1.24 04
-1.59> & >-1.64 -1.24> & >-1.28 0.3
-1.64> & >-1.69 -1.28> & >-1.33 0.2
-1.69> & >-1.74 ~1.33> & >-1.38 0.1

-1.74>

-1.38>

0.0




