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Model description

Compartment model

A compartment model was used to describe the movement of herbicides in a river basin
and to create herbicide pollutographs. In the model, a river basin was divided into a grid
of 1km X 1km grid cells. Each grid cell was subdivided into 12 compartments: each
compartment was defined as consisting mainly of a river-water compartment (R compart-
ment), a river-bed compartment (S compartment), a paddy-field-water compartment (W
compartment), 2 paddy-field-soil compartments (X and Y compartments), or others
(Figure 1). Water and herbicides from all compartments except the C compartment move
laterally to the R compartment of one of the immediately surrounding 8 grid cells,
specifically, to the cell along the steepest downhill slope from the source cell. Lateral
movement from the C compartment goes to the R compartment of the next grid cell via
the S compartment of that grid cell. The irrigation water in the W compartment comes
from the R compartment of the same grid cell or from the grid cell that contains the
intake gate (R compartment) for the paddy field. Vertical flows from all compartments
except the R and S compartments are downward.

A set of differential mass-balance equations describing the dynamics of a solute (her-
bicide) and water in each compartment was formulated, based on the law of conservation
of mass for the herbicides and the water. In the hydrology (water flow) part of the model,
the rates of lateral water flow into (Ow;,) and out of (Ow ou) the W compartment are
described as functions of the water level (hw) in the compartment:

Ow,in = A aw s max(0, hwo — hw) + Agw (H

Ow.on = A aw ou max(0, hw — hwp) (2)

The water depth in the paddy field (hw) is artificially controlled at various levels accord-
ing to the growth stage of rice and the weather conditions. The desired water level in the
rice paddy field (hwp) and the spill-over irrigation flow rate (qw) are input variables,
which are determined by the rice farming schedules.

Vertical flow from W compartments (Qw v) is described as a function of water level in
the rice paddy field; this water goes into the X compartment beneath the W compartment

Herbicide

Figure 1 Compariments in a grid cell (R: river, S: river bed, W: paddy field, U: urban area, M: mountain,
F: upland field)



in the same grid cell

h
Owy = awvA (%) 3)

W.,0

The rates of lateral flow (Qy) from the M, F, and U compartments are described by the
Manning equation:

A 1 ,
QH —_ _h_h.-./311/2 (4)
B nnv

The rates of lateral interflow from X, Y, N, G, B, and C compartments are described as a
function of the water level in the compartment and the slope of the compartment:

On = au I(A/B)h &)

Vertical flows from the X, Y, M, N, F, G, B, and C compartments are described as
percentages of each water content, which is equivalent to the water level relative to the
compartment height:

QV = ay A(h/ ]’1.0) (6)

The Manning equation is also used to describe the flow rate in the R compartment:

A 1
QR — __h____hZ/3]l/2 (7)
Lr nm

For solute movement between compartments, advection and diffusion are considered.
Solute advections are given as the product of the concentration and water flow rate calcu-
lated from Eqgs. (1)—(7). However, the maximum real concentration for each solute is
limited by its solubility in water, so any amount of herbicide over the solubility limit
must exist in the solid phase and is not subject to movement. The rate of solute move-
ment by diffusion between compartments is given by the linear driving force model:

D
9 =Az(C| — Cy) ®)

Within a compartment, both the solute concentration and the water level are assumed to
be uniform, each represented by a single variable. For example, rainfall is assumed to
mix completely and uniformly with herbicides in the paddy-field-water compartment (W
compartment). If a compartment consists of multiple subelements (soil—solid and soil—
water), a dynamic equilibrium exists between the dissolved and sorbed fractions at the
solid—water interface. These phases are assumed to be in equilibrium at all times; sorp-
tion processes are considered to be instantaneous and are described by a single constant
(the solid—water partition coefficient) in the linear equilibrium relationship. Hence, once
the concentration in one phase is known, the concentration in the other phase can be cal-
culated. Degradation of herbicides in each compartment follows first-order kinetics. The
processes of herbicide uptake by plants and herbicide evaporation into the atmosphere
were not considered in this model. The flow rate coefficient in each type of compartment
(W, X, etc.) is assumed to be a single value (for each compartment) throughout the entire
set of grid cells in the basin. These assumptions were made to reduce the total number of
hydrologic parameters, even though the target river basin was divided into numerous grid
cells, which contributed to preventing too much uncertainty in determining the model
parameter values.

‘2 19 INSIBI ‘A |

331



e 18 INsieN "A ‘

332

Site description and model application
Two river basins were selected to test the model and to analyze the effects of uncertain-
ties in agricultural work schedules on modeled predictions of herbicide concentrations:
the Chikugo River basin (1,884km? Figure 2) and the Oirase River basin (667 km?,
Matsui et al., 2002). The Chikugo basin includes rice paddy fields (261 km?) cultivated
by 22,860 farmers, and the Oirase basin includes rice paddy fields (92 km®) cultivated by
3,400 farmers. The Oirase River basin was divided into 667 grid cells (each 1 kmz), fora
total of 8,004 compartments. A set of 16,008 equations was solved to describe the move-
ments of water and herbicides in the river basin. The Chikugo River basin was divided
into 1,884 grid cells. Because the Chikugo River basin includes several dams, where
river flow rates are artificially controlled, model calculations were conducted for the
catchment area of each dam. The model equations were solved as a system of ordinary
differential equations by Gear’s stiff method from the IMSL MATH/LIBRARY.
Application of the compartment model to the river basin requires geographic data: the
altitude of each compartment was determined from Geographic Information System
(GIS) data (The Geographical Survey Institute, Japan, 1999), and water flow directions
between compartments were determined based on the direction of the steepest gradient.
The GIS data (The Geographical Survey Institute, Japan, 1990) were also used to calcu-
late the areas of the compartments (paddy field, river, forest, etc.) in each grid. However,
the GIS data available were old and may not refiect current land utilization. The area of
paddy fields, which is the most important geographical information in this research, was
corrected with data published by the local governments (Census of Agriculture Japan,
1995 and 2000), which include data on the percent of rice paddy area removed from
cultivation due to compulsory adjustments in production. The fallow paddy fields were
regarded as upland field compartments.

Figure 2 Probability distribution of farming schedules {histogram) and an allocation pattern of farming
schedules in a target river basin {each farming schedule shown as a colored bar in the histogram was
allocated to compartments randomly)



Hydrologic model inputs and system parameters

The amount of precipitation in each grid cell was estimated by interpolating the observed
data from observation points in and around the target area and applying three-dimensional
corrections for variations in altitude and location. Evapotranspiration was estimated by
the method of Brutsaert and Stricker (1979) from data on air temperature, wind velocity,
duration/intensity of sunshine, and celestial declination. For the Oirase river basin, the
effects of snowfall and snowmelt were estimated by a temperature index method (Ikebu-
chi et al., 1984, 1985).

The hydrologic (water flow) model requires 11 parameters optimized. The values of
the vertical flow rate coefficients in the W and X compartments (aw v) were determined
to be a typical value for the field percolation rate of water in paddy fields, 0.01 m s'. The
spill-over flow rate (gw) was estimated to be 0.02ms'. Irrigation and drainage rate coeffi-
cients of rice paddy fields (aw,, and aw o) Were inputs as 5 and 2d7, respectively,
after talking with a farmer, considering the structures and dimensions of outlets of several
rice paddy fields, and also actually measuring the drainage flow rate of a paddy field. The
values of the remaining parameters were seached by iteration to give the best fit to the
observed river flow rate within the minimum error. In addition to this best-fit criterion,
the parameters were set so as to give no annual long-term water loss in the C compart-
ment. The hydrologic parameters of the model were successfully calibrated, with
the result that they fit the observed stream flow data to the model simulation with reason-
able accuracy.

Monte-Carlo generation of rice cultivation schedule

Figure 3 shows the irrigation schedule recommended by a local government, which was
used to determine the input data for water depth and irrigation rate. The irrigation sche-
dule is set according to the rice-transplanting date. To maintain the water depth in a field
during various periods of rice growth, the water consumed due to evapotranspiration and
percolation is replaced by irrigation. The irrigation and drainage schedule can be adjusted
for herbicide dusting and ambient temperature. For example, after herbicide. dusting,
drainage is halted for 5 days. The water depth is also changed according to whether the
ambient temperature is high (>20°C) or not. Therefore, the input rice farming schedule
can be based on the dates of rice transplanting and herbicide dusting. For a large paddy
field cultivated by numerous farmers, however, the schedule of agricultural tasks in the
entire paddy field is not homogeneous: rice transplanting and herbicide dusting are not
each performed on a single date. The transplanting season continues for several weeks,
and each herbicide is dusted once within a certain period after transplantation is finished.
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Figure 3 A pattern of irrigation (solid line for ordinary temperature and dashed line for high temperature)
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For example, dusting with the herbicide mefenacet is done once, between 5 and 15 days
after transplantation.

Modeling the agricultural schedules of each farmer after detailed data acquisition is
ideal but too troublesome to be feasible. However, due to the large scale of the study
area and its cultivation by many farmers, it should be possible to consider agricultural
tasks as random events within defined periods of time, which can be estimated from data
published by local governments. Two hundred farming work schedules (combinations of
dates for rice transplanting and herbicide dusting) were created for each herbicide; the
probability of occurrence of each work schedule is indicated by the histogram in Figure 2.
For example, in about 5% of the rice paddy fields, rice seedlings were transplanted on
June 23 and herbicide was dusted on July 2. Farming schedules were allocated to the
paddy field compartments of the grid cells in the river basin randomly, within an
expected occurrence probability (the histogram in Figure 2 shows an allocation pattern
for the herbicide mefenacet). A total of 100 schedule-allocation patterns for each herbi-
cide were created and used as input to the modeling. For comparison, model predictions
with deterministic input were also conducted, for which a single farming schedule for
rice transplanting and herbicide dusting was used throughout the entire river basin (the
dates of the highest bar in the histogram in Figure 2). The amounts of herbicides con-
sumed in the target river basin were estimated from marketing information on the sales
of commercial herbicide products.

Monte-Carlo generation of degradation rates and soil-water partition coefficients
of herbicides

Many factors (aerobic/anaerobic conditions, soil-sediment organic content, etc.) affect
herbicide decomposition and its partition between soil and water. Because of a lack of
information regarding the reaction environment in the field, however, it is impossible to
quantify the specific decomposition rate and sorption equilibrium in each grid cell of the
model, so these values are subject to various kinds of uncertainties. Although some
reports include values for the decomposition rates or half-lives, the reported ranges of
these rate coefficients are very wide, partly owing to variability in the reaction conditions.
Therefore, a single reported value is not appropriate for representing decomposition rates
in a whole area. It is more reasonable to assume that all rate parameter uncertainties are
random. Using the Monte-Carlo method, a degradation rate coefficient for each herbicide
in each compartment was randomly selected from values in the ranges of the reported
values. The solid—water sorption coefficient of each herbicide was treated the same way.
For comparison, we repeated the model calculation using the average of reported values
as deterministic parameter value inputs.

Predicting herbicide concentrations

Herbicide concentrations were measured 5 days a week during 1999 and 2000 in the Chi-
kugo River and once a week during 1995 and 1996 in the Oirase River. After the hydro-
logical system parameters were calibrated, the hydrological and solute models were
solved simultaneously by substituting solute input data, yielding predicted concentrations
of herbicides in the river waters. Model-based predictions from the Monte-Carlo inputs
were made, starting with each of the 100 schedule-allocation patterns. Figure 4 shows the
probability distribution for the concentration of the herbicide pretilachlor on one day in
1999 in the Chikugo River. The predicted concentrations are distributed broadly, due to
the Monte-Carlo generation of the farming schedules and herbicide parameters. The high-
est 95th percentile concentration was 7 times the lowest 5 percentile concentration.
Figure 5 shows time variations in the pretilachlor concentration. About half the observed
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Figure 4 Probability distribution of predicted pretilachlor concentration on June 9, 1999

data points are within the 1%-99% probability range of the predicted concentrations.
Although the herbicide dusting date and the amount applied are important factors in pre-
dicting the concentrations, our modeling did not consider the amount and date of herbi-
cide dusting by individual farmers. Moreover, the simulations were conducted without
optimizing the herbicide decomposition/sorption parameters. In light of these limitations,
we consider the model prediction for pretilachlor to be reasonably successful. As shown
in Figure 5, compared with the prediction using Monte-Carlo inputs, the prediction
obtained with deterministic input yielded a rather discrete concentration variation with
improper peaks.

Although prediction of pretilachlor concentration with the Monte Carlo method was
good, the results for other herbicides were less successful. For example, the predicted
concentration of dimethametryn was lower than that observed (Figure 6). These discre-
pancies could be due to poor estimates of herbicide consumption (from the sales volume)
and/or of the herbicide decomposition parameter. A precise evaluation of local herbicide
sales would improve the prediction. More than 60% of the predictions based on Monte-
Carlo inputs were within 0.1 to 10 times the observed values, and the Monte-Carlo
method reduced the percentage of ‘bad’ predictions, shown yellow in Figure 7.
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Figure 5 (a) Predicted and observed pretilachlor concentrations in Chikugo River in 1999, (b) Predicted
and observed pretilachlor concentrations in Chikugo River in 1999
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Figure 6 (a) Predicted and observed dimethametryn concentrations in Chikugo River in 1999. (b) Predicted
and obsserved dimethametryn concentrations in Chikugo River in 2000
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Figure 7 Comparison of model predictions with inputs generated by Monte-Carlo and deterministic
methods (Chikugo River)

Conclusions

The effectiveness of the Monte-Carlo method for creating input data for agricultural
work schedules and pesticide decomposition/sorption parameters was studied. The
Monte-Carlo method was used to randomly allocate 200 patterns of farming work
schedules to each paddy field in grid cells of a GIS-based basin-scale pesticide run-
off model. The degradation rate and sorption coefficient for each herbicide in each
compartment were also randomly selected from values in the ranges of reported
values. Prediction of pesticide concentrations in river water by the runoff model was
better with Monte-Carlo input than with deterministic input. The Monte-Carlo method
alleviates the difficulty of obtaining precise data on individual farming schedules
(including pesticide dusting dates) and on individual degradation rates and sorption
coefficients in each soil. Once better values are available for the amounts of pesti-
cides applied and for pesticide degradation rates and sorption parameters under actual
field conditions, the GIS-based basin-scale runoff model should successfully predict
river water pesticide concentrations.
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Degradation of Pesticides by Chlorination According to Their Basic Structures
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Abstract

One hundred and one pesticides listed as “Complementary Items for Setting the Targets for Water Quality Management
in Japan” were divided into 16 groups on the basis of their structures. The degradation of 96 pesticides and 5 oxidation
by-products in chlorination was studied to determine the potential of the purification process. Pesticides containing sulfur
(S) were easily degraded; for 38 pesticides out of 46 examined pesticides, only 50 % or less of their original concentration
remained after 4 hours. On the other hand, pesticides without S were hardly degraded; for 45 pesticides out of 50
examined pesticides, more than 50 % of their original concentration remained even after 24 hours. Thus, the potential for
degradation of the pesticides by chlorination can be approximated by the presence or absence of S in their chemical
formulae. Oxons (P=0), which are oxidation by-products of organophosphate pesticides containing P=S, were hardly
degraded. Therefore, oxons may remain in chlorinated water for a long time. '

Key Words: pesticide, chlorination, oxidation by-product, oxon, drinking water
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L7z 5 FEHEIZ, AR IaREANZN, LI

Table 1 Experimental conditions for different data groups

5 The Concentration }§ Number of 5 The Concentration | Number of

€ | of Chiorine (mg/L) | Pesticigs | | E | of Chlorine (mg/L) | pesticide

= 0 4hr Mixtures 2 0 i 4hr Mixtures
¥ 3.9 <0.1 93 (14) 23 09 8
@ 5.0 04 11 (15) 1.7 1.0 15
©) 1.9 05 14 (16) 2.3 1.0 17
@) 2.9 05 7 17 2.3 Lt 11
5) 3.84 05 43 (18) 2.7 1.1 4
6 5.0 05 24 (19) 1.5 13 6
0 2.1 0.65 6 (20) 2.3 1.3 5
®) 2.8 0.68 22 (20 7.8 1.3 93
) 1.0 0.7 16 (22) 2.6 1.45 14
(10) 1.0 0.75 1 @»* | 5.2 34
(11 1.4 0.76 6 (24" 40 26.8 77
12) [0.9~24|0.7~08 1 (25) 1.0 - 1
(13) 1.8 0.9 3 @6" | ot - 135

(25) is obtained from reference 7) and (26) from reference 6).
The initial concentration of pesticides is 200ug</™ .
Y The concentration of chlorine in 4 hours is beyond the appropriate range.
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AENRE#ETH -/ 1,3-2 00T, CNP-7 2
IR, IRy, 43 /775D BEE, R)A—N
A—PTHot.

2.3 BESEEOSERE

212IRER LB T, HEFEALD 155, 45
M, 4 FFMIBRICKRBRERBEZRELZZ L, KD
BEHEEET ST —UZAMIBWTEHEANS
BEICATONTWB I EERFTX, BEOEEZEDIR
HEUTOISICSEBICHELE BEOBREERD,
55 TS0RLUTERDZEELZ A, 4RBRETSORUTE
BHEBEEB 24BHTS0%UTEALDIBEEZC, 24
HETS50%Z2BA 0% THERELLDREED, 24
MTO%EBAKRGERDIBEEEEDELE. AN
BLEERLDSBINDTL, BICEKEDIZD
NTHRIZLXDDMINIIKWIEERT,

3. BREER

3.1 FIBERDIEZS B ‘
RENLGEREXBEABELZPLLT 20 THE
BIcEEEZH,EL 9 FRFNOEBEIIBITZ 159
%, 4 WEE, UEHRBROREERVEZ S EEA~
E)% Table 2 IZ5R 7.

1.1 L7 REE
TL7RBEIIRIFMENCONHYIRRBEDOED
TIWFNEEEOBRAENES L zBELROEAT
B3, REFELLTHEAZN, HEONOREEEE
RERAETILONENY, DL TREK s EBEETS
THRENILS o7 DE) . ThEENICRS &,
R0y, YFaaid 24 BEESIFE 100% 5
BELTWERN (B) , AFINFrLal, Yoo,

A LT 24 FEREIRICH 63~85% &L T

Wiz (D) .

Mascolo 5 P2k 3 &, 10l BEOBEDNDT L
TRBETHIZIVIOVO L, BE O0mg: I, B
= 160mg - M DEGET T, HEOMASBROBEIER
&P, HEo—EAOoH ICBEREIN, N>EBIZ
BROICHBT A ERELTWS, LML, YLT7TH
CERBERSOTWVIRERELTHED, AHFEIZBNT
BULT7HEBEIRELTWE LERHENS,

3.2 ANKRZWO V7 RESE

ANFZNT V7 REBEIIRFBICAIVFZIVESO,)
PEEEL, TNRBROBHRENEG L BEEZRFD
EHT, BREFELTERZINB IV, 2RIV
TREEIEHIIERICL O EBNSEINDTHI-
72 (AB) . 311 TRLULAELKDIZ, VL TREEET:
THBENIT< M-, JUVTRBEEANFZI
L7 RBEOHMESIL, SO, 2BETHNENTHS,
Lo T, ANWEZN T LT HD SO, DED M
KEELTwWEEEZBEND, ZANBEZINT LT HRLE
NTSOZHELTWE, TadhbAlInEIN -,
7L, SO, 2EERPICETDI S OXRFY )b, X
PHVRENTENCD I EINED, SEMER
SO, MHEETAMBIC > TEAEA LR ENS,

3.3 A-NA-REE

H—=NA—-rZEEIZHNCOO-OHE R HDEH
Thbd., BREHMELTIHESEEM»N ST IN, EY
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HERESEEBITLUTHEAL, BREFEL TRERRE
DFEEEEEZHETS D, A—NA-FREHET 11
BEOSH 5 BEMLmInTITho/z (AB) . F
FHRABUNEEP=S),FF AFINESCH)EZEOF
T INFNEGESR,PFAT VR (HERD 1,3-EHR
BICSE2ETE) &, —HOSFUBEEISEEN
RTWIENRICREENT NS ), 5EEDSE 4
BEIZS-O#\EBEEZEL T, Miles 5 2k 5 &,
H—=NA—NRBETHD AV I NG, NKRSEELE
FURBIZED, AVINVANMEFTER N OO A
VINEEBRTAYCAINECBIIARIND ERE
LTHE0, ZOMONMERMIIEER, ProoAF
WF7EIVETHBEERLE,

N 2V, KT 53 #84 T 8 5 MBC(methyl
benzimidazol-2-yl-carbamate) & U THEEL TWd L& X
5N, FFEOEENMMERIZBW TS MBC 2HE
LR, RSB INedIhofz (A) . MBCIE
S-DEBEZFELTHWRVWYE, BFEHORY13IF
V=l YOREEEELTVWLRED, TRPEELRG
Lzt#ERIzNS,

BN, FAT77R—bPAFVIIC=SEEEHFL
Thih, Smahic<hoz (B) .

31 AFFA—NA—FREE

CFFN—NA—PREEUFTHA-NA-IRE
L HN-COS--HN-CSS-Z D EEZ R/ OERTH S 1V,
FFEH=NA-FREFIT6BELLBODTHEIN
PTholm (A) . BIcCYTFHILT, U R—),
PAERL—F, TATOANTIE 15 5T 10% LT
KROLTWE, PFFHh—NA—FZBEIIS-P
C=S DEEZHLTVDLED, FBINEHDEER
N5, BES PRFAHI—NA—FREETHZIF
FRDANTEEZORIBE, TEUTBRERETD
D, FOMICERMN ERBRRERETHDEL,
BRICEIDFAR AN TR o0 bV EizidE
fbroaxPIERKRT, 7aax > P IVT7Iva—i,
7Oo0aR»PITIFER, JooRESFBROEICS
fBE B ERELTWS, £/ Magara & 191, F4 X
CANTOEIITR Y UEREREDEBEIL, HEREICX
DEFRLEEFELAEMEERTAEBELTNS,

ILEBM7IRREE

B7 I FRBEITHNCOBEICBREM A LAHE
BEFHOEHRTHD., BREFIELTEASN, HEK
FHEEHICLDEEOSREBE, H2WIETEKRNER
OFNFILR ER L 2EBERERT 'V, BV IR
REK s AL TomI << (DB, 77O
ISR REAE 24 BB S0%BLEBREL TWRE, T
DOERLD, B REEBIZERICL VMBI NICL
WrEflans,

3L6MUTPUREE

M) TOCRBERMNITICR (FNTNIED
REELEENGIZDER) 2RMELULERT, 4B
PEIT CL-OCH,,-SCH; DNWTHHhDEEEET D, X
ARERETAEICLD, BREFELTERZNS
W M7 RBREITARBEOD S 2 BENSHES
nNRIThok (A) « FEINEZIADYY, DAY
ARUEIEE S HFFAFIVESCH)DBIEEH L
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Table 2 101 pesticides and their degradation by chlorination
fon Il Residual Pesticides*3 Using Data ol o Residual Pesticides*3 Using Data
g5 z g8 e .
g £ Pesticides gn (Average, Minimum-Maximum, %) for Residual (b?, 'E Pesticides E)u (Average, Minimum-Maximum, %) for Residual
2 S| 15min 4t 24hr Pesticides*4 z S ismin [ dhr 24hr Pesticides*4
46 [Methyldymron D 94.4 92.1 85.7 (¥ (15),24" 77 |Simetryn 3.2 27 2.5 (17 (2.(5)
¢ 80.5 - 104 1|1 72.0 - 105 1}« 59.5 - 106 » 0 -821C 0 -587)Hc O - 646,902
68 |Diuron D 90.2 80.0 62.9 (10),(21) (22),24)"
(DCMU) (76.5 - 104 1|1 76.5 - 83.5)]1 52.0 - 73.9) 2 | 89 {Dimethametryn 2.0 1.6 1.6 m&an,en
| 84 [Dymron D 88.6 82.1 827 [wrewao | | § 0 -S52)( 0 -38) 0 -45)|@n*
5 ( 66.0 - 105 1{¢ 54.0 - 97.91( 49.2 - 108 )[an,2n,29)" & | 2 [Simazine 107 109 105 (Z,(51,21)
33 |Pencycuron E 103 101 101 m*eney” (CAT) (92,0 - 118 ){( 87.0 - 134 ){( 85.5 - 1201 |23)* (24
« 834 - 117[¢ 80.7 - 115 [ 81.4 - 114 63 | Atrazine E 96.9 97.6 93.2 (1) (5),(16)
98 {Siduron E 97.8 97.7 95.2 (1* (8),21) ( 88.1 - 103 1| 82.5 - 105 1t 82.0 - 103 )|2)*
(97.1 -98.51( 95.0 - 103 | 88.5 - 101 ) 6 |Diazinon 2.7 .0 0 (5)46),(12)
86 {Bensuifuron 2.7 0.1 (3),(8),(11) (0 -69)C 0 - 0Hlc 0 -0 rjusey”
g -methyl (16 - 350 0 -02)]en 7 [Fenitrothion 16.7 5.2 0.4 @,51(6)
—:;., 95 {Flazasulfuron 11.5 5.2 (1)*,(3),48) (MEP) 0 -5320c 0 -35Dt 0O - 1.7 )|(12),(14),(22)
& (13 -18.0H 0 -19.00{@n (23)*
3 (94 [Halosulfuron 14.8 1 eeen 16 [EPN 0.5 0 0 ()12),(16)
~methyl (122-1951C 09 - 59> 0 - 18 0 - 0t 0 - 0 2D
36 |Asulam 1.8 ‘1.6 ", 3),21) 22 {Isofenphos [{] 0 0 (P52
.0 -49) 0 -44)H 0 - Q0 1fc 0 - 0 ¢ @ - 0 oa*
75 |Benomyl 2.1 2.1 (1)",a1).21) 23 |Chlorpyrifos 16.0 124 119 M en,eH”
€ 0.1 -59101 -61) 0 -455¥C 0 -37.0)c 0 -356)
76 |Benfuracarb 0 0 ©) 25 {Pyridaphenthion 7.8 0.2 0 s en®
- - C 0 -3l 0 -09)C 0 - 0 |Ey®
74 {Methomyl 1.4 0 (3).8),21) 31{Tolclofos 28.4 9.6 2.7 *6),29*
0 -351C 0 - 0 & -methyl ¢ 8.0 -64.81C 0 -289)C 0 -80)
96 | Thiodicarb 4.9 20 (3),(8) é 41 |Butamifos 0 0 0 MNen,eH™
g |0 77.5-78.8)( 3.8 - 6.0« 0 - 4.0 2 0 - 0>c0 -0 0 -0
E | 12 |Fenobucarb E 101 101 91.1 (53469 £'[ 42 |Bensulide 8.4 1.4 1.1 (%008
| (BPMC) (93.7 - 109 1] 96.9 - 107 1| 82.3 - 99.0)1|(16),(21) -§_ (SAP) ¢ 1.0 -2801C 0 - 50 0 -46>|anen
© [18[Carbofuran E 94.1 97.1 97.3 [OREOTEN) % 57 |Methidathion 5.0 2.2 290 ()*(5),(16)
(€ 92.0 - 96.53{¢ 910 - 110 2}¢ 92.7 - 100 2}2]) Q (DMTP) 0 -179/¢ 0 -109))t 0 -10.0)enen*
38 |{Terbucarb E 93.8 102 94,7 H*.65).21) En 62 Anilofos 0 0 0 (D,(12),(07
(MBPMC) ( 85.4 - 105 1{( 93.0 - 1131j¢ 89.5 - 97.8)|24)".25) © 0 - 0t 0 - 0 e 0 - 02y
43 (Carbaryl E 97.1 97.4 96.4 (*3),5 66 |Dimethoate 4.1 23 2.1 M¥,(14),21)
(NAC) (90.2 - 104 1| 88.9 - 106 1|( 79.7 - 104 1|(8),21) 0 -122)|c 0 -70H[c O -64)
54 |Isoprocarb E 102 102 94.0 (D)™ 9),(16) 71 |Fenthion 03 0.3 0.3 ()™ (5).(6)
| (MIPC) (96.7 - 108 1/( 98.1 - 104 3}( 80.0 - 100 »}(21) {MPP) €0 -170C 0 -13Hc 0 - L7 )jeLey”
55 | Thiophanate E 134 119 m ) 73 |Malathion 125 8.2 7.1 (1 (6),(17)
-methyl - - - 0 -427)C 0 -33.6)[c 0 -285)|@2D
1 |Thiram 316 27.6 15.0 (D¥%,6)(21) 79 {Phenthoate 8.4 4.0 37 ()™ (5),16)
0 -51.9)« 0 -41.6)[c 0 -229) (PAP) 0 -181¢ 0 -120H[c 0 -1LOH@Y
3 |Thiobencarb 28.1 4.2 1.7 (5).(6),(15) 81 |Ethylthiometon 0 0 0 ()* 4,17)
0 -624)[C 0 -2L3)c 0 - 4.9)j16)(18),2n)* 0 - 00 -0H0o -0 ey
40 {Pyributicarb 1.5 0.9 1.0 (1™ (15),(18) 88 |Piperophos 0.1 4 0 (¥ (5),012)
2 0 -75)C 0 -56)1C 0 - 4.4)lEoenen* 0 -05Ht 0 -0t 0 .- 0 )Haeey
5 60 jMolinate 59 31 11 (1™ (2),(5)(6) 5 |Isoxathion 51.0 1.5 0 (12),(14),(22)
"E 0 -225 ¢ 0 -17.00¢ 0 -10.6H|®.05.07 23 -89.8)« 0 -37Hc 0 - 0
2 (18),20,23" 21 | Acephate 0 0 [} @
E |78 {Dimepiperate 26 1.2 1.2 m*.en - - -
0 -52)c & -23)c 0 -23) 72 |Glyphosate 0 0 0 12
83 |Esprocarb 8.7 1.0 0.5 (1),(4),05) § - - -
0 -41.8c 0 - 31 0 - 2.8 @y s | & |92 |Fosetyl 70.0 720 0 (12)
93 |Polycarbamate - - - - g - - -
. . B & | 11 |Dichlorvos D 929 96.5 762 [Gn6.04
32 |Flutolanil D 98.0 96.2 82.0 (5),(6).09) §' (DDVP) ( 84.0 - 100 {1 89.6 - 100 1| 49.9 - 96.0){(22)
(919 - 102 )]( 89.3 - 106 |1 39.7 - 98.5|(15),020),20* -g; 15 Hprobenfos D 95.9 783 53.7 (45
35 |Mepronil D 99.9 101 84.9 (D™ (5),(15) 5 (IBP) ( 80.5 - 105 1{¢ 41.4 - 100 | 1.5 -93.1)((9);(16),(22)
(90.5 - 105 1{( 74.8 - 119 1{( 46.4 - 105 1;(20) %ﬂ 49 |Edifenphos D 102 91.4 78.6 (5),(6).(16)
39 |Napropamide D 96.1 82.2 63.4 (1)¥,(5),15) (EDDP) (99.0 - 106 ¢ 66.0 - 105 1|( 64.0 - 96.0)|22,20)"
(91.8 - 100 1| 48.6 - 102 1|t 1.6 -94.5) 24 | Trichlorfon E 96.5 94.5 91.5 ®
8 | 53 |Pretilachlor D 94.9 98.0 89.4 (H¥,2),5 (DEP) - | - N
E ) (84.0 - 101 2| 91.7 - 106 1|« 77.5 - 104 1(6),(9).(17
3 | 10 [Propyzamide E 102 99.2 98.2 (¥, enea* 3" |Isoxathionoxon | D 753 54.9 54.6 (12
< (85.0 - 115 78.5 - 114 »[¢ 87:5 - 107 - - -
47 JAlachlor E 95.6 97.2 92.1 (¥ ,(6),(16) 6' |Diazinon oxon D 107 81.5 78.3 (12)
( 84.5 - 103 )|( 88.5 - 103 »{( 83.0 - 103 1|24)* - - -
58 |Carpropamid E 101 100 98.5 (1)%,(N,20) § 16'JEPN oxon D 101 87.5 85.2 12)
(95.9 - 1051{¢ 939 - 104 1[( 91.8 - 103)|21) (o] - -
59 |Bromobutide E 100 102 95.7 5,205 7' |Fenitrothion oxon | E 96.9 110 104 (12)
92,0 - 107 1|« 75.3 - 115 2{( 75.3 - 106 |(9,(17) (MEP oxon) - - -
- |Chlorpyrifos D 84.1 85.0 82.8 (12)
-methyl oxon - - -
28— IKEES S8 Journal of Japan Society on Water Environment
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ol o Residual Pesticides*3 Using Data T il Residual Pesticides*3 Using Data
gl 8 . 2 . . . Sl s . I - . )
g ‘é Pesticides 33" (Average, Minimum-Maximum, %) for Residual S -g Pesticides Eo (Average, Minimum-Maximum, %) for Residual
z S 15min 4nr e Pesticides*4 z S tsmin | 4 | 2abr Pesticides*4
34 [Metalaxyl E 102 103 92.3 (1)*.(6) 28 {Oxine-copper*5 37 0 0 (25)
3 992 - 104 992 - 106 1] 78.5 - 106 » - - -
£ 152 [Mefenacet E 99.8 99.0 91.7 (2).(51(6) 29 |Captan 354 19.9 6.9 (5)421),22)
(91.7 - 104 )| 82.6 - 108 1|« 76.0 - 104 H}{(8)(N(1T) 1.5 -88.5:(¢ 0 -4601¢ O -11.4)
(18),(23)" 56 |Thenyichlor 317 16.3 0 M*,809)
43 {Benfluralin D 85.7 87.2 86.5 (1)*,21),24)" 0 -71.0)t 0 -6500) 0 - 0 H|@y™
£ ( 68.5 - 108.1{( 600 - 105 1 70.0 - 1001 67 | Diquat 30 0 o oy
‘g [ 100l Trifluratin D 96.5 834 87.1 (49,(90,(15) - - -
.E ( 87.0 - 108 1{¢ 70.0 - 96.0{( 67.0 - 100 »[(16) 80 |Buprofezin 10.7 09 14 (4),(15),23)"
£ [44]Pendimethalin | E| 984 105 948 ()5 0 -2000C 0 -231 0 -42,
(93.8 - 103 1< 102 - 107 5{( 81.6 - 1081 8 |Isoprothiolane 75.6 17.6 0 (2)
.. | 13|Chlornitrofen D 94.9 86.2 82.5 (14),(22) (IPT) - - -
£ (CNP) (93.7-96.01[(783-94.01{c 71.0 - 94.0) 82 | Probenazole 94.4 71.5 39.9 (6).48),(15)
; 85 |Bifenox E 96.9 10) 92.6 (5),(14),(15) ( 87.5 - 101 1j( 68.5 - 90.0)]¢ 34.5 - 45.8)
_§ €93.3-99.3)j 97.0 - 104 »|¢ 87.0 - 95.8» 17 | Bentazone D 954 90.3 76.2 (2,3),(5)
g 14 |CNP-amino - - (942 - 97.0)[¢ 80.0 - 95.0) 22.0 - 101 1}(13),19),(21)
- - - E 70 |Etofenprox D| 909 79.0 652 lamen
37 { Dithiopyr D 95.2 94.6 87.5 (5)(21),(22) S € 75.7 - 106 )|t 62.0 - 96.01{c 50.3 - 80.0)
© ( 85.6 - 108 1{( 87.0 - 105 1|( 822-922) 50 |Pyroquilon E 103 103 956 (¥ 45)46).(9)
;E 99 |Pyriproxyfen D 79.7 77.0 782 (1”247 € 94.9 - 114 ){( 96.5 - 112 3¢ 89.7 - 102 1 [(15),(16),(21)
_E, (71,0 - 88.4)|1 50.0 - 104 11( 61.5 - 94.8) 87 |Tricyclazole E 95.5 96.8 92.6 W*,E)E),1)
20 [Triciopyr E 95.8 94.7 102 (3),(5),(13) ( 83.0 - 105 3{¢ 81.0 - 105 )¢ 86.0 - 100)(20),21).23)"
t 90.8 - 100 1|t 80.6 - 100 »j¢ 90.3 - 11321 90 | Azoxystrobin E 101 95.8 104 (I)*.(S).(Zl)
. 1912,4-D E 90.6 90.1 92.0 (2),(5),(13) (98.6 - 102)[( 97.5 - 101 [ 98.5 - 109 »
’2‘ (79.5 - 96.0){( 73.5 - 99.0 3| 71.0 - 107 1}(19) 97 |Propiconazole E 96.5 94.8 99.3 ®(17,24)"
2 | 45 |Mecoprop E 96.7 98.8 102 %6121 €92.5 - 102 1{¢ 86.0 - 101 1]( 97.0 - 101 »
- (MCPP) ( 86.1 - 1033]¢ 86.5 - 107 »|( 85.2 - 112 101|Cafenstrole E 100 94.8 94.5 (8),(9),23)
26 |Iprodione*5 D 99.6 94.2 69.8 (25) (975 - 105/ 90.0 -97.51|( 84.0 - 104 )
- - - 4 [1,3-Dichloropropene| - - - -
30 [Chloroneb D 92.3 88.5 81.4 mE.eEn (D-D) - - -
( 86.9 - 97.7)(¢ 85.2 -91.7){( 70.0 - 92.7) 64 | Datapon - - . -
51 [Phthalide D 94.8 88.9 89.4 (2),(4),(6) . R -
° (€ 76.5 - 103 1[( 75.5 - 102 1| 82.0 - 100 1|(15),(16) 91 |Iminoctadine - - - -
§ 69 |Endosulfan pl 912 9240 867 \(L,a62) * | -acetate - - -
_"5 ( 84.7 -99.0)}t 81.6 - 102 3{( 79.9 - 97.0»
% 9 {Chlorothalonil E 99.2 94.6 92.5 (1)™,6).421) #1 Number: The serial number of the pesticides within Complementary Items for Setting
g (TPN) (90.5 - 111)|( 90.8 - 104 »|¢ 77.3 - 112)}(22) the Targets for Water Quality Management in Japan .
© 27 [Etridiazole E 100 105 97.4 m=.en,ea* *2 Category: Category was divided as follows: A (residual £50% in I5min), B (residual £
€79.0 - 124 1[( 97.0 - 109 )|¢ 88.5 - 115 50% in 4hr), C (residual £ 50% in 24hr), D (50% <residual £90% in 24hr), E (90%<
61 |Procymidone*s E 100 100 100 26" residual in 24hr),and A and B (decomposed by chlorine rapidly) are painted over with
- - - : gray.
65 | Dichlobenil E 92.1 97.9 944 (1Y% .(5).(6) #3 Residual Pesticides : The upper column shows.the average of residual pesticides
(DBN) (73.6 - 104 ){( 88.0 - 107 »j¢ 85.8 - 102)|®),(1) in each time after adding chlorine. The lower column shows the minimum and maximum

THD, HEDOEIERIZL D -SCH; 12-SOCH; IZ£ 1k
Uizt &#EZ 5N %5, Faithead 5 'Pi%, ZORIGE
TOAR)ZRFHNT MY V%, SCH; OBEEAT
HRNVT7VCHRBREIIABETHLEREL TS,
Mascolo & ¥ kB &, MUTIPUVEEEAGLTVWS
-SCH; I3 B b 12 & D -SOCH,,-SO,CH, IZE kL, FDi%
ARIZE D -OH IZE{T B, -SOCH; O G E M
THEN, TNUAOKIGEREBERNO > < DEDER
ELTWD, FIZ Mascolo & F, 7O A K1) - icH
U TiX-SCH;,-SOCH;,-SO,CH; D JBIT IS &, E 1
& B W»id-0S0,CH; 2R T-OH & TB &R0
T3,

LT FF4/ =S| BEHY A REE

R CRBEBIRIEFHIC) OPBE LAY
DEBIATFVEEM T, BREX, £RH, £EFHEL
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L (AB), 1Y 7x>KRA, JH#IRA, 7Ok
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of residual pesticides in each time after adding chlorine.

*4 Using Data for Residual Pesticides: (1}~ (26) refer to Tablel.
*5 Reference Value
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HTFRMEUT) THolk, NEFEFS 203 p=s BH#Y
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o ERELTWS, ZORERLD, AHEITBNT
HP=0IZELEEEZLEND,

3.8 4%V P-0)RIBHY VREE
FFVP=-0)HEKRY > RAKIL, TREDDE 2
EhgEINP Tk (A) . 1 DE-SCH; 2F T2
FEI7x—FT, 31 DFEA A REBETHSY
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*—Easily degraded
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=

Fig.1 Degradation of pesticides by chlorination according to their basic
structures: A (residual £50% in 15min), B (residual =50% in 4hr), C
(residual =50% in 24hr), D (50%<residual =90% in 24hr), and E
(90% <residual in 24hr). *Pesticides were divided into 16 groups.
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ABSTRACT — We purified male rat urinary 0,,-globulin, prepared the antibody in rabbits, and
improved an immunchistochemical detection method using this antibody for male rat-specific o,-globu-
lin accumulation appearing as hyaline droplets in the kidneys. Our prepared antibody reacted specifically
with 0p,-globulin in both immunohistochemical and Western blotting analyses, furthermore, and the
graded immuno-reactivities on the slide were well associated with computational image analyzing results.
Using this method, we retrospectively analyzed the renal sections from the toxicity studies of 12 nephro-
toxic chemicals, which had already been conducted under the Japanese Existing Chemicals Survey Pro-
gram. We demonstrated that the hyaline droplets induced by treatment with 10 chemicals (1,4-
dibromobenzene, dicyclopentadiene, 3,4-dimethylaniline, 1,4-dicyanobenzene, tetrahydrothiophene-1,1-
dioxide, 1,3-dicyanobenzene, acenaphthene, 3,4-dichloro-1-butene, 3a,4,7,7a-tetrahydro-1H-indene and
3,5,5-trimethylhexan-1-ol) were directly associated with o,,-globulin accumulation. This immunohis-
tochemical method is convenient for applying, even retrospectively, paraffin sections from general toxicity
studies and could be useful for qualifying male rat-specific hyaline droplets consisting of 0.y,-globulin and

renal risk in humans.

KEY WORDS: 0;,-globulin, Immunohistochemistry, Hyaline droplet, Nephrotoxicity

INTRODUCTION

For risk assessment of chemicals, the most criti-
cal data are derived from animal toxicity studies
because of a general lack of information on humans.
Although all available results from animal studies have
been applied to human risk assessment, in principle,
exclusion of some specific toxicities, which might not
occur in humans, should be taken into account. Among
laboratory animals, the rat has been commonly used for
toxicity studies, especially sub-acute, long-term or car-
cinogenicity studies. Nephropathy with hyaline drop-
lets and renal tubular neoplasia caused by chemicals
inducing a,,-globulin accumulation (CIGA) are con-

sidered to be a male rat-specific toxicity, not occurring
in female rats or other animals, including primates.
Although low molecular proteins homologous to 0,y,-
globulin can be detected in other species, including
mice and humans, none of these proteins have been
confirmed to bind to CIGA, followed by accumulation
of the protein-CIGA complex as in the case of oy,-
globulin. It is therefore believed that renal toxicity
induced by CIGA in male rats is unlikely to occur in
humans (Hard et al., 1993).

Oy, -Globulin was first identified in male rat urine
(Roy and Neuhaus, 1966), and had been reported to be
a male rat-specific protein with a molecular weight of
18 to 20 kDa. The major source of urinary o, -globulin
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is the liver, where 0i5,-globulin mRNA constitutes
approximately 1% of the total hepatic mRNA (Sippel
et al., 1976; Kurtz and Feigelson, 1977). Neither oy,
globulin nor its mRNA is detectable in the female liver
(Sippel et al., 1975, 1976; Maclnnes et al., 1986). The
blood o, -globulin secreted from the liver is freely fil-
tered through the glomerulus, and in mature rats, about
two-thirds of the filtered protein is reabsorbed by
tubules and the remainder is excreted through the urine
(Neuhaus et al., 1981). CIGA binds noncovalently to
0y, -globulin, and the resulting complex shows less
degradability with proteolytic enzymes, cansing an
accumulation of the complex that is detectable as hya-
line droplets with a light microscope. Various chemi-
cals have been suspected of being CIGA based on
detection of the evidence for exacerbation of hyaline
droplets in renal proximal tubules in male rats, though
not in females. Direct evidence for increasing o~
globulin levels has been demonstrated for only a few of
these chemicals, however, including 2,2,4-trimethyl-
pentane (Stonard et al., 1986; Charbonneau ef al.,
1987; Lock et al., 1987), decalin (Kanerva et al.,
1987), d-limonene (Lehman-McKeeman ef al., 1989;
Webb et al., 1989), 1,4-dichiorobenzene (Charbonneau
et al., 1989), isophorone (Strasser et al., 1988), lindane
(Dietrich and Swenberg, 1990), tri- or per-chloroethyl-
ene and pentachorocthane (Goldsworthy ez al., 1888).
A number of initial safety assessments has so far
been conducted for industrial chemicals, including
both new and existing chemicals by the Japanese gov-
ernment or the OECD high production volume chemi-
cals programs. Certain chemicals among these indus-
trial chemicals have been suspected of being CIGA. In
some cases, however, renal changes in male rats have
been assessed as the endpoint for extrapolation to
human health risk owing to a lack of direct evidence
caused by 05, ~globulin accumulation, because no anti-
body against a,,-globulin is commercially available
for general toxicity studies. Some immunohistochemi-
cal 0y, -globulin analysis methods had already been
developed (Burnett ef al., 1989; Hashimoto and
Takaya, 1992; Caldwell ef al., 1999). As these methods
required glycolmethacrylate embedding or specific
computational analysis, they would be inappropriate
for confirming o, ,-globulin accumulation in routinely
conducted guideline-based toxicity studies. We there-
fore improved an immunohistochemical o, -globulin
detection system using paraffin sections, which are
generally used for standard toxicity studies. We evalu-
ated the several chemicals suspected of being CIGA,
moreover, and indicated the direct evidence caused by
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0l5,-globulin accumulation.
MATERIALS AND METHODS

Preparation of anti o,,-globulin antibedy

0, -globulin as an antigen was obtained from the
urine collected from aged male rats, pooled, and used
to immunize rabbits. The immunization procedures,
including the amount of antigen and immunizing inter-
vals, were determined from the results of a preliminary
test referring to the methods of Kurtz et al. (1976). The
antigen was injected under the skin at a dose of 1 mg/
animal (1st injection) or 0.5 mg/animal (2nd and sub-
sequent injections) once at two weeks. Blood sampling
was conducted periodically and the antibody titer mea-
sured. When the antibody titer level reached a plateau,
whole blood was collected and antiserum was obtained
from the blood. The antiserum was used for immuno-
histochemistry and immuno-electron microscopy. For
measurement of the o,,-globulin content in the urine
and tissues, the antibody was purified from the antise-
rum using a DEAE ionic exchange column after
ammonium sulfate precipitation. The singularity of the
antibody was confirmed as a single diffuse band of
approximately 19 kDa by Western blotting analysis.
This study and the following study were carried out in
accordance with the Law for the Humane Treatment
and Management of Animals and the Standards Relat-
ing to the Care and Management, etc. of Experimental
Animals in Japan.

Experiment 1 Confirmation of specific reactivity of
the antibedy to o,,-globulin
1. Preparation of o,,-globulin nephropathy rats

To confirm the specific reactivity of the anti- o, -
globulin antibody, we prepared oy,,-globulin nephrop-
athy rats as follows. Male and female Crj:CD(SD)IGS
rats were obtained from Charles River Japan Inc. and
used at the age of 11 weeks. d-Limonene (Nacalai
Tesque Inc.), a well-known o, -globulin nephropathy
inducer, was administered to the rats, consisting of 4
males and 4 females each, for 10 days at doses of 0,
150 and 300 mg/kg/day by gavage using corn oil as a
vehicle. The rats were housed individually in stainless
steel wire cages in an animal room with a controlled
temperature of 2432°C, humidity of 55:10% and a 12-
br light/dark cycle (lighting from 7:00 to 19:00) and
allowed access to food and water ad libitum.

Pooled urine was collected for 24 hr on the day
before the start of administration and on Day 9 of
administration. After the 10-day administration period,
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the rats were anesthetized with intraperitoneal injec-
tion of 30 mg/kg of sodium pentobarbital and perfused
with physiological saline-added lactose (Lactec,
Otsuka Pharmaceutical Factory Inc.) through the sinus
aortae, after which the liver and kidneys were removed.
The urine and a part of the liver and kidneys were used
for measurement of their o, -globulin content and the
remainder of the liver and kidneys for histopathology,
immunohistochemistry and immuno-electron micros-
copy. The samples for histopathology and immunohis-
tochemistry were embedded in paraffin following fixa-
tion with 10% neutral buffered formalin solution for
about two weeks. The samples for immuno-electron
microscopy were dehydrated with an ascending series
of ethanol and embedded in spurr resin following pre-
and post-fixation with 2.5% glutaraldehide and 1%
osmium tetroxide solutions, respectively.

2. Histopathology and immunohistochemistry

The serial paraffin sections were prepared, depar-
affinized and then stained with hematoxylin and eosin
{(HE) accompanied by Azan-Mallory staining and peri-
odic acid shiff(PAS) reaction.

For immunohistochemistry, the paraffin sections
were deparaffinized and incubated with 0.25% pronase
E for 20 min at 37°C, after which they were washed 3
times in Tween-PBS (PBS containing 0.1% Tween 20,
pH7.6). The specimens were incubated with 0.3%
H,05 in methanol at room temperature for 30 min to
inactivate the endogenous peroxidase activity, and then
washed 3 times in Tween-PBS. After blocking against
nonspecific immuno-reactions with 10% FCA was
conducted at room temperature for 20 min, the sections
were incubated overnight with rabbit anti-ay,-globulin
antiserum at 4°C at a dilution of 1:80000 in PBS con-
taining 1% BSA. Negative controls were incubated
with an equivalent volume of diluent solution alone.
The sections were washed 3 times in Tween-PBS and
incubated with biotynilated secondary antibody (goat
anti-rabbit and goat anti-mouse immunoglobulins,
Dako, LSAB2 kit) at room temperature for 30 min.
After they were washed 3 times inTween-PBS, the
sections were incubated with horseradish peroxidase
(HRP)-labelled streptavidin (Dako, LSAB2 kit) at
room temperature for 30 min. The sections were then
washed 3 times in PBS and reacted with 3,3-diami-
nobenzidine (DAB) for 5 min. The reactions were
quenched by placement in running tap water, and the
sections were then counterstained lightly with meth-
ylgreen, dehydrated in n-butanol, cleaned in xylene,
and mounted.

3. Immuneo-electron microscopy

Ultra-thin sections were prepared and reacted
overnight with the anti-0,,-globulin antiserum at a
dilution of 1:5000 at 4°C. Protein A-colloidal Gold (10
nm, British Bio Cell International Inc.) was used at a
dilution of 1:10, after which the sections were double
stained with uranyl acetate and lead citrate.

4, Measurement of o, -globulin content in the liver,
kidneys and urine
The a,,-globulin content was measured in the

“liver and kidneys in all males in all the groups of 0y~

globulin nephropathy rats, and in the urine in two

males each in the control and highest dose groups. The
liver and kidneys were homogenized with phosphate

buffer weighing 4 times their tissue weights and centri-
fuged at 105,000 g for one hour. The protein content of
the supernatant thus obtained was measured for every

molecular weight and the urine was measured similarly

as is. Western blotting was then conducted using puri-

fied anti-0,y,-globulin antibody and the content of the

protein showing a positive reaction was regarded as

0Oly,,~globulin content.

Experiment 2 o,-globulin analysis for industrial
chemicals

The selected chemicals are listed in Table 1. We
selected 10 chemicals, which are suspected of being
CIGA, among all the chemicals in the Japanese Exist-
ing Chemicals Survey Program (JECSP). In addition,
two chemicals which caused renal toxicity without
hyaline droplet accumulation were selected as negative
controls. We used paraffin-embedded renal specimens
originating from the JECSP toxicity studies conducted
in several laboratories and stored for four to seven
years in each. For each toxicity study, three groups (the
control and low- and high-dose groups for 11 chemi-
cals) or two groups (the control and high-dose groups
for the other) were selected. The low-dose group has
the dose showing the lowest effect for hyaline droplets
in tubules or other renal changes, and the high-dose
group has the highest dose administered in each toxic-
ity study. The doses selected for each chemical are
described in Table 1. Three male specimens were arbi-
trarily selected for each dose group based on the results
obtained from HE-stained sections in the original stud-
ies.

The serial paraffin sections were prepared, depar-
affinized and then stained with HE accompanied by
Azan-Mallory staining and PAS reaction. The sections
were also stained immunohistochemically using anti-
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