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Toxic potential of effluents based on the aquatic toxicity and Ames’ test

Aquatic Toxicity " "
Type of Industry Source - - Ames
0. latipes D. magna | S. capriconutum

Industrial Chemicals 1) +++ +++ - -
2) + +++ +++ -

A3) ++ ++ +++ -

“4) + +++ +++ -

Q) - + - -

(©6) : : ¥ i

@) + + + -

)] - + - -

9 + +++ +++ -

(10) - + = -

Detergent and Film (11) - - + -
(12) - - - -

Rubber and Plastic (13) - + ++ -

*1 -0 : Practically harmless, +1~5 : Slightly toxic, ++6~10 : Toxic,
*2 -: negative, + : positive

+++11~15 : Highly toxic




Aquatic Toxicity

Type of Industry Source : : Ames
O. latipes D. magna S. capriconutum

Non-Ferrous Metal (14) - +++ +++ -
Petroleum Refinery (15) - - - -
Leather Processing (16) ++ +++ +++ -
17) +++ +++ +++ -
Textile Mill (18) + + ++ -
(19) - + 4+ +
(20) + + +++ -
(21) + + +++ +
Paper and Pulp 22) - - + -
(23) - + ++ -
24) - - + -
(25) + +++ +++ -
Public Wastewater (26) - + - -
Treatment Plant 27 - + - -
(28) - + - -
(29) - + - -
Total 12 23 20 2

*1 -0 : Practically harmless, +1~5 : Slightly toxic, ++6~10 : Toxic, +++11~15 : Highly toxic
*2 -: negative, + : positive
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Selection of Sampling Sites

D
Up & down Up & down Up & down Up & down 1st Preliminary study

\i i/

C : Priority site

Main Stream Tributary o
C-1,2,3,4,5 C2-1, C2-2 etc. 2nd Preliminary study

i

Main Stream Investigation Ist ~ 4th Main study




Sampling, Preparation, and Analysis

- Sampling :
Term ; ca 1.5 month interval, May ~ Oct., 1999, 2000
Water collection ; watershed, US EPA SW-846

- Preparation :
Filtration : GF/C filter (0.45 um), USGS
Extraction : Methylene chloride, US EPA 3500, 3510




General Scheme

Priority chemical data & pre-survey for site determination

l

Water AD-trap

GC/FID profiling and GC/MS analysis, Tox. test

v

HPLC fractionation, Tox. test

v

Identification of toxicants and quantitation

v

Risk assessment




I. GC-FID profiling & MS idenification

Water, 1 L

Methylene chloride Extraction

XAD-2 trap, ca 100 L

1,2 Xt 2 A
(D n-hexane : acetone (85/15, 300 ml)
(2) Methylene chloride (300 ml)

3~5XF 2 T A
() MeOH (300 ml)
2 EtOAC (300 ml)

EtOAC

I E 3= : log Kow >3

—

0z

Toxicants : non-polar

AD trap-Toxicity test

(3 EtOAC (300 ml)
| | ¥ v
| |
n-hexane EtOAC n-hexane
I1. Toxicity test\

Toxicity test

‘ __ -Water and Trap whole ? /}j/%—:
-Water HPLC Fraction
rap
1,2 Xt &2 A} 3~5X = AL
—» | (D MeOH : 195 (x 8.9)

(1 n-hexane : acetone : 118 (x 4.9)
(2) Methylene chloride : 71 (x 2.4)
(3 EtOAC (300 ml) :267 (x 6.4)

@ EtOAC : 53 (x 2.4)

ater HPLC Fraction

\ (Mid-)Polar




Results and Discussion

25

HE Upstream
20 I Downstream

No. of peak

AU AD BU BD Cu CD DU DD

SITES

Fig. No. of peak in GC chromatograms from 4 rivers for
selection of priority site




No. of peak

60

50

40

30

20

10

June  Mid-June July Aug. Oct
Time

Fig. Seasonal change of peaks from GC-FID profiling.
C-1 ~ C-3 : upstream, C-4 ~ C-5 : downstream




Relative peak ratio (%)

120

100

0]
o

o2}
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N
o

20

HE Upstream
[ Downstream

June Mid-June  July Aug. Oct.
Time

Fig. Seasonal variation of relative peak ratio between upstream
and downstream.




- B, C ot& GC-FID 24 Z 1t

Peak =
ZINIARS Fraction 1X} XA} 2%+ XAl 3% Z A
MeOH 15 3 0
B-1 EtOAc 32 4 0
MeOH 54 21 16
[0, EtOAc 67 33 16
MeOH 2 2 0
e EtOAc 13 17 0
MeOH 24 6 2
C-2 EtOAc 21 40 0
MeOH - - 3
C-3 EtOAc - - !




- B, C ol& GC-NPD =

M

-

4
=

i

Peak ==
EANS Fraction TEN 2%t E AL 3% EAH
MeOH 3 4 12
B-1 EtOAc 3 0 3
MeOH 20 26 36
B-2 EtOAc 9 2 9
MeOH 0 6 7
1 EtOAc 0 1 0
MeOH 12 12 10
& EtOAc 0 1 2
MeOH i i 11
e EtOAc - - 3




- HEHSdAle 21 (A ot &)

Test ltems Fish Daphnid Lemna Chironomid
Sample Water Water Water Sediment
Endpoint Mortality(%) Immobilization(%) Growth rate Mortality(%)

Duration(day) 4 2 7/ 10
Sampling month 7 8 7 8 7 8 7 8
Control 0 0 0 o) 0.20 | 0.30 20.0 16.7
KH1 0 0 100 0 0.16 | 0.18* | 56.7 30.0
KH2 0 14 100 0 0.20 | 0.19* | 66.7 60.0%
KH3 0 0 20 55.3~735 | 0.20 | 0.21* | 83.3 43.3
KH4 0 0 100 26.4~27.7 | 0.28% | 0.25% | 53.3 40.0
KH5 o) o) o) 36.8~452 | 0.23 | 0.22* | 53.3 46.6

* t-test(P<0.05) 2 1} i =20l HIGSHK |20HH OE &tS UHEtH=E A=




S Ii Mean/Cumu- Index of Biotic Integrity
al;li]:emg lative No. of
species June July August
Al 9/14 33(Fair~Poor) 37(Fair) 25(Poor)
A2 10/12 31(Fair~Poor) | 31(Fair~Poor) 27(Poor)
21(Poor~

A3 9/11 25(Poor) Very Poor) 23(Poor)
19(Poor~

A4 7/13 13(Very Poor) 23(Poor) Very Poor)

AS 6/8 15(Poor) 17(Poor) 23(Poor)




IBl total scores

32

30 -
28 -
26 -
24 -
22 -
20 -
18 -
16 -

14

—&- Premonsoon
—¥— Monsoon
- Postmonsoon

Sampling station
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a Applicability ; GC-FID profiling, GC/MS
- Prediction of pollution and pollutants

O Necessity of bioassay combined with

instrumental analysis
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Searching Potent Mutagens in Water

Cl
Cl,HC
H 0
0
HO
MX

3-Chloro-4-(dichloromethyl)-5-hydroxy-
2(5H)-furanone

1986. Kronberg group, Finland,
Wood pulp chlorination liquor

HoN

0
I
CI:—CHS
Cl HN ’
/N\ C2H40CHy
/N N\
=\ C,H4OCHj
OCH,4
PBTA-1

1997, Wakabayashi group,
Japan, River water
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® Samonella typhimurium TA98+
e SOSESI== dict Al22t EJIotAl 2 AME=s as.
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Colonies/plate

300 300 300 300
250 A a - 250 250 - 4250
200 A 4200 ¢ 200 A 41200 ¢
L i}
s s
c c
150 1150 & 150 1150 8
— c c
8 8
T
100 - g {100 & 100 - 1100 5
1 [0} (0]
= =
=1
50 50 50 o 50
0 - ‘H‘ T = = T L L L T L L L A 4 L L L 0 0 - ‘H‘ T n n T + * * T * * * A * * * 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min.) Time (min.)

Fig. Reverse mutation assay of HPLC fraction

from river water. (2nd main study) Fig. Reverse mutation assay of HPLC fraction from

river water (2nd main study). Sample collection was done
using XAD-resin trap and 145 ml equivalent volume of water
was fractionated.
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Ames O] & Al

B

(0 - 100 min =
0-25;52=

25-100;1 ==

44 20-60 min. S2CHS § 22

...................................................................................................................................................................... > Ames test /é! Al

= 1x

v

= 2%t

7
n-hexane : acetone 85 /15, 300 ml

Methylene chloride 300 ml

Ethyl acetate 300 ml

Z24xt

=5t

300

250 +

200

Colonies/plate

100

50

v

i

MeOH 300 ml
Ethyl acetate 300 ml

w
S
3

150

—.

N
a
3

n
S
3

a
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=)
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20

N

3

40 60 80

Time (min.)

100 120

Fig. . Reverse mutation assay of HPLC fraction from KH river water (2nd main study)

MeOH concentration (%)

A ERHF AlZ|E
o 2=lof of st
Ames A& 2 o|o| =3 &

— Trap A& =7




Chemical isolation and identification scheme

Environmental sample (XAD-2 trap)

¢

positivei i negative

HPLC Fractionation GC-FID profiling

iGo to identification process

Fracton 1 2 3 4 5.... N
"t = Tox X X ©0 X... X

GC-NPD/FID (dual column)
|dentification w/ GC-MS
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LC Chromatogram and Tox. Test Result

DAD1 A, Sig=260,4 off (ECOO07145_KH4.D)
mAU 7]

‘JL//\/‘//\/\/J »JL\/\_,\\\ o
25
20 | g0 &
C
S
5 15 | 60 T
e @
g 0t 9z
%
5 ¢ 20 s
—
0 ‘ 0
0 10 20 30 40 50 60 70 80 0




Second Fractionation and Tox. Test Result

30-35min fraction (MeOH 35%)

mAU 1
30

25
20
154
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GC-FID/NPD check of the isolated compound

mVolts
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d GC/MSE 0|E¢et L5011 AlL.
- GC/MS library2| =2 matching quality
d UV/Vis spectrum

 High resolution mass spectrum
- C7HaN2SCl22| 24l = JtKl= 22 = &0l
d = AtA0 CHet Confirm
- lak4s 218:220:222°] H|Jt 9:6:1 - S {2
S EM
- GC-FPD sulfur modeE4! . &3 X2 &
- GC-NPD =4 - ZAF XS &M




Limitation and Solution

<Limitation>

(1) Low matching quality in GC/MS spectrum
(2) Difficulty in the isolation of a mutagenic chemical

(3) Difficulty in the synthesis of the tentatively identified
structures

<Solution>

(1) High resolution GC/MS
(2) Use of HPLC
(3) Proton NMR




Abundance

000
Z0000
Ba000
BO000
55000
S0000
45000
40000
A5000
0000
22000
20000
15000
10000

5000

Time->0"" 5 0g 10,00 500

2000 0 2500 30000 3000

o

1. NIST & Willey library 2| matching quality &8 =% 3t& 22| spectrum 2 E :
Matching quality 2| <2 4lg| 4

2.2 peak® spectrum &4 — X 0= — library 0!




Modified scheme

Known mutagenic sample

'

Several 1solation methods with HPLC

l

Isolated
fractions 1

w Negative fractLons

Positive fractionsl

Further 1solation, purification

'

Determination of the chemical structure




UV absorbance spectrum

nAU




High-Resolution GC/MS
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Proton NMR & A&
ANE S5,
pN|

d Proton NMR=Z4 = ?Ioil M CHE2| &t &
- Proton NMR0Oll= OHEf Img8 &2 =5t 2&0| 2 L.
d 2N D=1t st 2HHOZ HOIFAAH slsf=&a2
=&

=cl, Al
1 500MHz proton NMR
O 2-amino-4,5-dichlorobenzothiazol
O 2-amino-4,7-dichlorobenzothiazol

O 2-amino-6,7-dichlorobenzothiazol
O Ml & JI&0| otLte! o=z iy,
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Mutagenic potency
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PBTA-1

PBTA-2

PBTA-



Chemical 1dentification

Wait for the

No?

toxicology results?

Toxicology test

Y

Temporal action

(2-3yrs)

Negative?

. l
Positive? *

Administrative action

Y

No action
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Trends in Environmental Polic

Before 1980°s After 1980°s

Technology-Based >  Quality-Based
Receptor-Based
Risk-based

Reactive »  Proactive

- Commercial product

- Technology




Floid HOF 2 22

Production Distribution Use

ArE &AL
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Risk Scenario: Sick building syndrome Need
<Not consumer> (Carpet, PC, Furniture risk assessment
Only environment discharge)

(-52) l

=

Discharge
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