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Role of particulate matters in transportation of mutagens
in aquatic environments

Koji OKUGAWA* and Takashi KUSUI*

The purpose of this study is to evaluate the role of particulate matters in transportation of mutagens in
aquatic environments by measuring mutagenicity of soluble and particulate samples. Mutagenicity (by the
Ames test) of precipitation, river water and reservoir water was investigated through a year-round survey
and storm event survey. The following results were obtained: (1) Mutagenicity of soluble samples with
and without S9 mixture was mostly positive for precipitation all year round, sometimes positive for river
water from May to August but mostly negative for reservoir water all year round. (2) Mutagenicity of par-
ticulate samples was mostly negative for precipitation but sometimes quasi-positive with S9 mixture for
river and reservoir water. (3) These results suggest that soluble mutagens in precipitation were decom-
posed or adsorbed onto soil in the runoff process, and the adsorbed mutagens flowed out and down with
eroded soil. (4) Mutagenicity during storm runoff and snow-melting runoff varied in a short period and this
could be attributed to various factors such as sources and components of particulate matters.
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Fig. 1. Survey points.
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Table 1 Land use.

ha %
Watershed area 2943.4 100.0
Residence & road 128.0 4.3
Paddy field 709.1 24.1
Farm 54.4 1.8
Orchard 0.4 0.0
Wild grass 51.6 1.8
Surface of water 37.3 1.3
Forest 1962.5 66.7
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L %7 AL B28KT -7,

RE - SWEB KR, pH, EXREHER (EC),
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(1)Prepair DMSO solution of sample
(2)Prepair a series of diluted samples, 0.1 oL
(3)Add 0.5 oL of buffer solution of sodium
phosphate or S9 mix
(4)Add 0.1 nL of suspension of Salmonella strains
(5)Preincubate at 37 C for 20 min
(6)Add 2 mL of top agar and
pour on a minimal glucose plate
(7)Incubate at 37 C for 48 hrs
(8)Count the number of revertant colonies
(9)Check the background lawn through a microscope

Fig. 2. Protocol of Ames test (the Japan Society of Phar-
macy, 1990).
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(1)Filtrate sample
4 L as a rule
with a glass fiber filter (ADVANTEC GB140)
(2)Adjust pH to 2.0
4 L of filtrated sample
with H2S04 (1+100)
(3)Solid phase extraction
with Sep-Pak Plus CSP800 (made in Waters)
feed sample at 10-50 mL-min~"
(4)Desorb
feed DMSO at 0.15 mLemin~*
collect 2 mL of eluent

Fig. 3. Preparation method of soluble samples for Ames
test (Urano et al., 1994).

sar gV 150mL TY o Z7AVv—HiH LD,
IFALF— K=y v BB L OERST AR EMHG
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BB OfER 2 = Koty MR & L, MR
B =20 08838 (++), 220> MR{E = 1.5
OHBETEEME (+), 1.5> MRl 2 0.7 DB&I
et (—) LHE LR, ok, BERELBERED, 1.5
> MR {ETERBES 4L X b Pre B4t 4L il
LT MR ftixRd, MR{E = 1.5 L BB EIL
(+) EFRLI, i, £FHE (T) EKSEC X

(1)Filtrate sample

4 L as a rule

with a glass fiber filter(ADVANTEC GB140)
(2)Freeze-dry a glass fiber filter
(3)Extract the filter by the Soxhlet method

with 150 mL of dichloromethane

at 45°C, for 24 hrs
(4)Dehydrate the solvent extract

with anhydrous sodium sulfate
(5)Concentrate the solvent extract

at 45 C, with a Kuderna-Danish apparatus
(8)Exchange solvent to 2 mL of DMSO

at 40'C, under a stream of nitrogen

Fig. 4. Preparation method of particulate samples for
Ames test (USEPA, 1985).

% background lawn OREFRIZ L 54> 0.7 > MR {ED
BEELL, 351, ERORSEOEME L bie—
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FAOE, SImix I TLE, TA9IS $kCHEEBM 1
G TARRCTBETH -, i, TAL00KT
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BIBREDOY v 7 A DOB4E, Somix ERINTILBFRE
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Table 2 Evaluation criteria of mutagenicity.

Symbol Definition

++ positive, 2.0=MR

+ quasi-positive, 1.5=MR<2.0

- negative, 0.7=MR<1.5

) quasi-positive if the sample volume is 4 L
+T  toxicity after the number of colonies increases(1.3=MR<1.5)
T toxicity, through a microscope or MR<0.7

Revertant colonies of a sample

MR = n
Revertant colonies of negative control
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Table 3 Mutagenicity of precipitation.

TA98--S9mix TA98-+S9mix TA100--Smix TA100-+S9mi x
Date Sol. Part. Sol. Part. Sol. Part. Sol. Part.
93/12/21 ++[2.06] +[1.63] ++[2.00] +[1.67]
94/02/21 ++[2.88] - +[1.97] - ++[2.20] - +[1.53] -
94/05/11 ++[3.39] (+)[1.63] ++[2.55] - - -
94/09/06 (+)[1.50] - - ++[2.95] - (+)[1.51] -

94/12/20 ++[3.60] +[1.57] ++[2.33] ++[3.20] ++[2.81] +[1.53] +[1.81] ++[2.30]

Sol.: soluble, Part.: particulate, [ ]: MR value.

Table 4 Sample weight/volume.

Date Soluble Particulate

nL

mg/mL

93/12/21 4000

94/02/21 4000 10.5/4000
94/05/11 4000 29.1/3000

94/09/06 3195

8.8/2945

94/12/20 3145  28.9/3385

hBBUEWEREL R L, BEROY v 7L TER
FEHARD BB DL Table 4 iid X 5 CBEWE
MNENEETH T,

PAlED &5 ek CREREEARDLRIN, B
EEMZRETIREWE L LTk AhRO SR
FEERCAFECBELENEL RS, & 312
BL2RERABNLATRBENFEREIEL bR
Vo, BEEDHET, BARKOEREFEMED S\ i1 DNA
BUHEFELCDIORDE i, 7ok xiX Rec
assay IZ X 5999 TH WK (BFFERE) 1« DNA #iE

Table 5 Results of the survey for precipitation.

Starting date 93/12/21 94/02/21 94/05/11 94/09/06 94/12/20
Starting time 15:55 08:50 08:50 12:15 22:00
Ending date 93/12/22 94/02/22 94/05/12 94/09/07 94/12/21
Ending time 13:20 08:40 09:00 08:40 17:30
feather rain-snow rain-snow rain rain rain
Precipitation(mm) 23.0 13.0 11.0 8.0 8.8
Sampling volume(L) 11.0 10.0 6.2 4.1 4.1
pH 4.7 4.2 4.3 3.5 4.1
EC(uS-cn™t) 58.4 129 22.2 51.7 61.0
SS(mg-L™") 1.8 2.6 8.6 2.9 8.7
Eze0 0.103 0.130 0.047 0.041 0.220
TCODc(mg-L™") 6.7 10.6 8.0 6.2 8.1
SCODc - (mg-L™") 6.7 9.5 4.4 4.7 7.2
PCODc(mg-L™") 0.0 1.1 3.7 1.5 0.8
NHa*CugN-L™1) 168 452 262 316 543
NOz"(uegN-L™1) <5 <5 <5 <5 <5
NOs~(uzgN-L™") 103 252 449 623 621
F(ugl™) 36.4 106 24.2 29.9 55.7
Cl (mg-L™") 13.2 28.7  0.477  0.692 6.90
Bro(ug-L™") 40.1 83.0 <5 <5 21.6
S04% (mg-L™") 3.73 5.79 1.83 3.62 4.66
Li*Cug-L™t) <1 <1 <1 <1 <1
Na*(mg-L™') 6.69 14.1 0.297 0.182 4.02
K*(mg-L™") 0.354 0.625 0.203  0.0908 0.327
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TRBSER L EREN L OBRIEOWVWTRS &,
Bk Ui & 5 K TiraBed b e s, KT
HhRhol, THIRANIKDOSRE, RBEDED
HRFECERVAER S LB L LTV B b s Bb
ha,

Table 6 Mutagenicity of river water (Wada river).

TA98--S9mix TA98-+S9mix TA100--SOmix  TA100-+S9mix
Date Sol. Part. Sol. Part. Sol. Part. Sol. Part.
93/09/27 - - - -
93/11/01 - - - +T - - - -
93/11/29 - - - - - +T - -
93/12/21 - - - ($[1.86] - - - -
94/01/10 - T - +[1.7141 - - - -
94/02/21 - T - - - - - (MI[1.53]
94/03/28 - T - - - - - (H[1.56]
94/04/11 - T - +T - - - -
94/05/02 - - +T - - - -
94/05/09 ++[2.961 - - - - +T
94/05/23 - T - - +T - - -
94/06/13 +[1.56]1 T - - T - ($)[1.58]
94/06/27 - T - - - - - +[1.64]
94/07/18 - T - - T +T  +[1.84]
94/08/29 - T  +[1.59] - - - +[1.50]
94/09/19 - T - - - - +T

Sol.: soluble, Part.: particulate, [ ]: MR value.
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Table 7 Mutagenicity of reservoir water (Wada-gawa reservair).

TA98--S9mix TA98-+S9mix TA100--S9mix  TA100-+S9mix

Date  Sol. Part.  Sol. Part. Sol. Part. Sol. Part.
93/09/27 - - - —
93/11/01 - T - - - - - ($)[1.57]
83/11/28 - - - - - - - -
e3/12/21 - - - - - - - -
94/01/10 - - - L5 - - - -
94/03/28 - T - - - T - -
s4/o4/11 - - - L T - -
94/04/25 - - - T - - (#1.64]
94/05/02 - T - - - T - 4172
94/05/09 - T - - (OLLEE] - +4[2.00]
94/05/28 - T - - - T - +T
94/06/13 - - - - T - -
94/06/21 - T - - - T - -
94/07/18 - - - - - T 4T
94/08/15 - - - - - - - -
94/08/29 - T - - - T - -
94/09/19 - - - - - T - -
Sol.: soluble, Part.: particulate, [ 1: MR value.
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ELTHil, MTFLTVw5EBbhs, 20/, B
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T - M AR BT 2 EREND, BT O
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CRREEYEPEREWERRC R\ TRE B Ely

-S9mix +S8mix
soluble particulate soluble particulate

%

+ -

Adsorption
l Decomposition \ onto soil
Wada-gawa - T, - - +, +T, -
reservoir

Fig. 5. A typical case of transportation and changes of
mutagens in aquatic envivonments.
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Fig. 6. Weather condition (Tonami, 1994/12).
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3.2 AICEH T B REKEEAE

RIEI T, BKPOBHFREREWE N B RE
L, TBOWME L bicRBRRE LTHE - T LT
WA ENTRBR RN, Ih, HEEMRAKPICEE
BEREHEIFETIE, BKRERCHEIHEH L,
EREMIGHNCEL T LEL bR B, BK
B KO REM, DNA BEE*FTHELHAE L
TRRFSR I BAER BHHDHTHBEMN, £
TIEHHAMIE D € — 7 BE TRKEZ T8 - T
BIRG TR E TRBIA LTV, 2, BF

S~ WAEND N0 O

17:10 21:10 01:10 25:10 @9:10 13:10
12/20 12/21 .
Time

— Flow(a®+s™")x10 + Precipitation(am-h™') © Snow depth(cn)
Fig. 7. Flow, precipitation and snow depth during storm

runoff in Wada river, 1994/12/20-21. Precipita-
tion and snow depth were measured in Tonami.

T T —T- T T -
17:20 21:00 01:02 25:20 29:00 16:39
12/20 12/21
Time
O Turbidity(ng-L™") + SS(ag-L™")

Fig. 8. SS and turbidity during storm runoff in Wada river,
1994/12/20-21.
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REm, BBEORRIKDO LT Y THE, Tibb, 12
RI3A2BISEI W TR, 16H2517HIAFT
B, 18RRI L » —BEEFIin -7,
BOEEDL D, 19AIIES, AEHMHO21A0
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A D168304 ¥ THTe » 1o, FOMOREE L%
Fig. 7 @R¥, 210 3R CRABIOME K, 0
RIRNDDOWME Y — 7 RO BRI AL < e
D, BURxCBEHA EMLICEEL bR S,
SS (Fig. 8) (TFAAEBMBRFICR DL, TOHBA L
T A, BFH X VB LA L, Fig. 9 %
COD¢, & Epy ORFEIE LR RLICLDTH S, BIH
& CODg, (PCOD,) 1% SS & Ui BALTH - 1o, it

2 b\‘::'”. E
! - \*_‘_.Tﬁ—_.g__ﬁ_—

) r T r
17:20 21:00 21:00 25:00 29:00 16:30
12/20 221
Time
O T000c,(mg-L™') + SOODc(mg-L™') © PCODcr(mg-L™") A Ezeoxl0

Fig. 9. COD, and Ejgo during storm runoff in Wada river,
1994/12/20-21.
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Table 8 Mutagenicity of storm runoff water (Wada river, 1994/12/20-21).

TA98--S9mix TA98-+S9mix TA100--S9mix TA100-+89mix
Date Time Sol. Part. Sol. Part. Sol. Part. Sol. Part.
12/20 17:10 - +T - - - +1.631 -  +[1.66]
12/21 07:40 - T - - - +[1.861 -  +[1.86]
12/21 11:30 - T - - - - - -
12/21 16:30 - T - - - - - -
Sol.: soluble, Part.: particulate, [ ]: MR value.

Br—7Xhd%kic bR LD % first lush B u R
L1, 2% b, BRHOH a0 MESYE
DEEHEZ EHRLTW5B, TCOD: DAL,
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IFHETKEL ot
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