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To evaluate toxicity in the aquatic environment, a new, rapid and effective screening test has been required.
In the present study we describe the procedure of a screening test based on the inhibition of in vitro acetyl-
cholinesterase activity, and report the application to some water samples from aquatic environments, which con-
tain trace amounts of a variety of organophosphorus compounds.

A porous polystyrene cartridge PS-2 concentration system was used for preparation of water samples in the
field for toxic evaluation. Dichlorvos inhibited 86% of acetylcholinesterase activity, while fenitrothion, diazinon
and iprobenfos showed either less or no inhibitory effect. Organophosphoric acid triesters which contain an aryl
group, e.g. triphenyl phosphate, tricresyl phosphate and cresyl diphenyl phosphate, showed higher inhibition than
those without an aryl group.

Comparison of inhibition of acetylcholinesterase in river water samples from Hyogo (an urban area) and
Iwate (a rural area) indicated that the former rivers were more highly polluted in organophosphorus compounds
than the latter ones. There was a high inhibitory effect on acetylcholinesterase by concentrated samples of raw

sewage and this effect gave a good dose-response relationship.
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k- TESEAAESN, Zhic X DERBREEY L O,
CORIGERET 2 V7 DicbO gk & L THB+
LRAIT, BESESER Y2 -7y 2L T
in vivo™ 5 LU in vitro! "W O R THE I N T\, &K
203, WEREAEYENBRET Z2KBEZOLODOE
a2 RE, EEClEL, EPoEHE coOBTHET T
HTEmHME L, BFRIAEEREOE RS LU ERE
) RBED ACKE [HEREICOWTHE L /2. AR
Tid, BRI L 72T ARCENDKOBMEY = Rk 1C & A
35 LRRHCAERE Y VLA OER TV, AChE i&t:
BHELIEE S LB A7 V-2 7 L LTRED
HRMECOWTREL 72,

ERBRAE

HRALBESLUERY) S tEY BRIBERY
¥ (Electrophorus electricus) B3> AChE 81F| (RX—
Jvli—<vA ACoLtd) #HV /2, 7z FOF
*v MEP), #4773 /v, v7a)liRA (DDVP),
4 7a~xXv7 A (IBP), YvVEFY A5 (TMP),
UvVE Y TFIV (TEP), VB Y 7+ (TBP),
UVEBFY AT+ TF) (TBXP), JUEERD A
1,3-vrnmnm -7y (TDCPP), UV /EBFY 7«
—J) (TPP), Vv@FrU 7L (TCP), VB
LYWV7 =)L (CDP) ZRDEHMBESR, U VBN Y A2
-gnooxF) (TCEP) LD VBN TFILANFIL
(TEHP) (3HFULRS % 7o,

BFEMREE EENEL Ellman ef al WO Tk

-BHREL TFfT- 720 75 AChE B (5 units/
mL) 0.04mL, 0.1 MV VE#EE®K (pH7.0) 24 mL,
0.005 M 55 -V F 4 A-2-= s DR EBEFEHBERK 0.2
mL #B%F 2 Xy FATRE L, 20Ok, £EEHEL
T0.03M 3L 7 v FibF 4y VB 0.16 mL %
ML, 60FED 412 nm - k) 5BEEELEA 30°C
THEEL 72, A VLEDD 5 OCITREKBER
w58, 56 LOEEAYEHEMT 5A1CHER %
0.05mL fnz T, AChE &¥# & 30°C T 15 oS 4
VELNR—Y g VL TERFRIEL . ok, AV
bEmIT 2/ —IVICERL TER L, =X /—IVH
HOBFEMAERITN10% ThHH, ThiiEkiHEE
DHBH B & L7,

BRAHOER BEHE S LT, FARQEK LA
KA Wz, FARICOWTE, 199848 11 A 30 AIC &
EEREEH O T ARMBEIE T, £ TFK & EEHBIRAIESCHE
FAUE A L 7oK A BRI L 7o, IR 2>WTid, &
BEREERERTSLLIUEFROFEMI AR S L, KE
BRI CIE, 19994 10 A 4 B, ETFII,
REN, B, BRI W T Fig LICRL &S
TEK L7, BFERTIE, 199F7HA26H L 27HD

2 B, Fig. 21TR L 2K OEKBE L D &2 LR
HWEATHEKL 2, BKICBEBR Y2V, EAl-

Ashiya river

Fig. 1. Location of sampling sites in Hyogo prefecture.

Natsui river

Kuji river

Osanai river

Pacific Ocean

Tsugaruishi river
Ohtsuchi river

Kozuchi river . .
Origasa river

Unosumai river

Fig. 2. Location of sampling sites in Iwate prefecture.
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L THELED SN DOFLIOKEERL 72, FEGURHT
R LF LV VBEIBRICANTERREFL, BKM4EDH 5
WIS R B IR E 21T - 72,

RERHOBER KRB OBRMICIIAF L VEL
N/ EEE 265 mg AFIES N -BEEmE A — Y
v ¥ Sep-Pak PS-2 (NIHON WATERS K.K.) #f\w
oo BBILAZBOLNLL®D, 75 AT 74 13—5HHK
GB140 (Toyo Roshi Kaisha, Ltd.) TWkA|AEL, 7+
FyvbmL FEBAKSmL TH O LU OHPFE L /- Sep—
Pak PS-2 {2 XY A% R 7% HvT 7mL/min OFHE
THAKLIc, H—F Uy VRDOKGEREDID, BRI
A% 5 EEsE, TX /=) 5mlL THHL-L D%
DEVR L CX OIS M L (BRI IRERE AL LU
B ALEWOTEERFALL L L7,

BH) ALEMORAEE AR VLEHOREILR
BERCERE L 72 5 WA DWW T » 7z, EEAFK4
mL%A0—% 1) —1/0RV—% —CEMHER L, 0.8mL
D n=FHVICEREL 72O, GC-FPD TE&EL 7=,
GC-FPD OJIEZEMITRD L 8D TH 5,

i HPS890A 5 At YV AFILARY yoFH
(DB-1), 30 mx0.25 mm, EE 0.25um, F+ U7 —H
AWE : NU YA 1mL/min, 75 ARE (FiE) : 60
C~180°C (20°C/min)—220°C (2°C/min)—280°C (5°C
/min), HAQ: 27U v b L AEAZ, BE 250C,
B e - B 280°C, F¥% 7 4« )X —526nm (PE—
F), ZZ&ME : 100mL/min, KEHRE : 75mL/
min, AA 77 v FH A €% 35 mL/min,

a R

HH) S WIc L 3 AChE EMEE EBCHEL
TABOERE ) VREEN AChE EMICRIF T HE%
Table L IZ/R L 72, EMBIER CTOBED 1mg/L ok
x, RLBVHENEZRL7-2DIZIDDVP TH D, 86%
THoto FATY /v e MEPOEZFNFN
249%,11% &7 V&L, IBP &< BEA RS &H
272, b o LLEENBED - 72 DDVPIZ DWW Tl

Table 1. Inhibition of acetylcholinesterase activity by
several organophosphorus pesticides

Compound Cor}crggﬁlﬁl)tion Inh(i%it)ion
Fenitrothion (MEP) 1 11
Diazinon 1 24
Dichlorvos (DDVP) 1 86

0.5 57
0.1 17
Iprobenfos (IBP) 1 None

Inhibitors were preincubated with enzyme for 15 min prior to the
addition of substrate.

0.5, 0.1 mg/L CLERAT- 72, ZTORKEHE, 0.1mg/L
DEEIZEB T 17% ORENERL 72,

OPEs iz >\ Cid, {HfE#lEFRic 1, 10, 100 mg/L 0
BEECRINL TER YT 7 (Fig. 3), TMP, TBXP,
TEHP, TDCPP, TCEP (3iEM#IZ LA YIHEL 7th -
7-#, TEP, TBP TiZ 10 mg/LiEmTEn2h 21%,
14% DOHE»RZDH H Nz, TPP, TCP, CDP i3 10 mg/
L O T68%, 100%, 57%, &\ ¢hd &Gkl
EaIRL T,

BEIEMHIC L 2B8 Y (L& OEW  EfR I &
LAY AEEHOEIREKRE ROz, HRY VREBET
I3 5ng/L, OPEs 3 280 ng/L & 72 % X D ICKEKICH
L, #0 1L % Sep-Pak PS-2 75 A Til#fi « I L
/2% % GC-FPD T &L 7z, ZO[EIRZEK % Table 2 {2
Y. ATOERY VREEE LU 10 EE DO OPEs
» >+, TBP, TBXP, TDCPP, TCEP, TPP, CDP [
IERIL 65% LB IFIERIFTH -7z, —F, TCP oM
KL 35% &7z D& <, TMP, TEP, TEHP i34 %
PAFCiz A EERE N1 - 72,

AChE EMREZR(C L 2 TROKEFM A&EzH
WCRBEBEIHO T RKLAEBIC ST, £ TR LUTE
B RAEE ORI K AL, Bk AChE E#
PREAZ TN/, TORE, £ TKELEEEER L OM
IIT BB R BERD b, £ TF KD ICs (AChE iFtHED
50% BHESR) HREHAE C20mL it Y4 L 7z (Fig.
4),

AChE EMBEZA(CL DMIIKOKEFM SER

{nhibition (%)

Fig. 3. Inhibition of acetylcholinesterase activity by or-
ganophosphoric acid triesters. TMP: Trimethyl phos-
phate, TEP: Triethyl phosphate, TBP: Tributyl phos-
phate, TBXP: Tris (butoxyethyl) phosphate, TEHP:
Tris (2-ethyl hexyl) phosphate, TDCPP: Tris (1,3—
dichloro isoprophy) phosphate, TCEP: Tris (2—chlo-
roethyl) phosphate, TPP: Triphenyl phosphate, TCP:
Tricresyl phosphate, CDP: Cresyl diphenyl phosphate
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Table 2. Recoveries of organophosphorus compounds
with Sep-Pak PS-2 cartridge

Compound In(litg 7£r;c. Inlﬁi ;701. (Fl‘ll‘ltivs; rf'la;xt‘s Regoo/:)ery
Diazinon 5 1 7 82
DDVP 5 1 7 94
IBP 5 1 7 97
TMP 280 1 7 3
TEP 280 1 7 4
TBP 280 1 7 71
TBXP 280 1 7 93
TEHP 280 1 7 0
TDCPP 280 1 7 65
TCEP 280 1 7 95
TPP 280 1 7 96
TCP 280 1 7 35
CDP 280 1 7 96

The adsorbed compounds were desorbed with 5 mL ethanol from
PS-2.
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Fig. 4. Relation between raw sewage volume and inhibi-
tion of acetylcholinesterase activity.

BRED 5 2O HEIKE LCEFED 11K
HCEMME THE LN /B O ACKE i HER % H
FE L7z (Table 3), EERMI/INCIVT, AChE (&
PEZEICHEELZDRIETITHY, 56% OEERS
RU7e B, PRI, BEEJIO AChE EH%RERIT
hzh 20%, 9%, 8% LIELV~ L THD, FRINZ-
WTILESEBE R RS - 72,

BFEO ILANIKTE, PN EBRERINCHBWT
FNEN22%, 18% OEENFED LN/, ZTOMD
9 CIEESAE AR S - 7o,

RERA S ANKPOFER) ALEMORE AChE
TEMEBREIC & % bRl 4 i L 7- 2 2 oK
BROBERY V& 13 8%, GC-FPD CTEEL

Table 3. Acetylcholinesterase inhibition by river water
concentrate using a porous polystyrene cartridge PS-2

AChE ighibition

(]

River

Hyogo prefecture

Kanzaki river 9
Shoge river 56
Muko river 8
Syukugawa river 20
Ashiya river N.D*
Iwate prefecture

Natsui river N.D
Kuji river N.D
Osanat river N.D
Omoto river N.D
Heii river N.D
Tsugaruishi river N.D
Origasa river N.D
Ohtsuchi river N.D
Kozuchi river 22
Unosumai river 18
Kasshi river N.D

* N.D: not detected

Table 4. Concentrations of organophosphorus compou-
nds in five rivers water in the southern part of Hyogo

prefecture
compan Kl St o Sriugee A
MEP 0.04 0.25 N.D 0.11 1.34
Diazinon 0.05 0.08 N.D 0.05 N.D
DDVP 0.08 0.27 N.D N.D N.D
IBP N.D N.D N.D N.D N.D
TEP 0.02 0.01 0.01 0.01 0.01
TBP 0.09 0.06 0.05 0.05 0.04
TBXP 0.49 1.18 N.D 0.35 N.D
TEHP N.D N.D N.D N.D N.D
TCPP 0.34 0.63 0.15 0.38 N.D
TCEP 0.30 0.26 0.37 0.10 0.05
TDCPP 0.02 N.D N.D N.D N.D
TPP 0.02 N.D N.D N.D 0.06
TCP N.D N.D N.D N.D 0.25

N.D: not detected
Values are expressed as ug/L

(Table 4), AT & - T, 4~10EEIBHIN TV
55, Y ALEWOER S BEICIZ 7D OFED
H%5, MEP {3 4 ®JII TR (0.04~1.34 ug/L), &4
7 /3 3T (0.05~0.08 ug/L), DDVP i1
2 I CHH (0.08 & 0.27 ug/L) Shi-,

OPEs = 2\ T3 TEP (0.01~0.02ug/L), TBP
(0.04~0.09 ug/L), TCEP (0.05~0.37 ug/L) 755 fjJi|
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4~_TT, TCPP x4 MJIIT (0.15~0.63 ug/L) #H
I,

£ £

KRBT S« T ARERMEOEERTO
BT 5 HEO B E LT, EEmmEEC KSR
#E¥ > AChE iEMEPREZ FIAH L 7oiRaE, fEifEasmtE X
) =T HERRR L7,

KBEFTRE SN 2 BHES NSV 4 BOHE
%) 1080 OPEs » AChE JRE /1% HIE L
Too HEEY VR TIL DDVP R LMV IE N AR
L, MEP, ¥4 7Y /v, IBPOBENEFH N &5
B MIC -7 (Tablel), Tk > ICEERMED
AChE BHENIC K E /M4 L S0, bSO ME
ILkbEEZLND, T7bb, MEPRX ATV /v
EAFHICF AR AR ILE (P=S) #bb, @R
BTAH 7V VA (P=0) Mt 5T LT, AChE
fHE A IS, —7, DDVP TlldEI» 647
VVRITH D8, REPTOLSMBEILE VAR OEE
NHERY, HBESPITE FARmERDO AChE # VW TH
B RBREIIE, zOF 7Y /A8, BIUA—
NAL FFRBELRZEOERHENZFHARNT S, £D
HERICINE, AU VREE TR S ITIERIFEOHE
MARDLNTEY, MEP X A7V /) v TIE#GED
IEHERRENEER A 7 Y VRIS A L IEFE IR BHE
NERTIEEHLMCL TS, Lch-» T, BER
BN A 7 EIFAES B &, KE T2 OBEICE
UT\WAChRE FEHEABONE LIk b, &
B, 3% 00 EEIC A7 OPEs Tt TPP, TCP, CDP
Hoie D EREE AR L7 (Fig. 3),

OPEs @ AChE fE#FREICIL, A7 % / —Ib « K5
BEETRENAEAELOHBEL VL, &L A5 TH
&L OBRRIRBEEINS, $iabb, SFRIcT ULk
% 4% % TPP, TCP, COP {3 7 U L& /-5 T
LD LBOIEREARL 5, TPP, TCP, CDP 7%
EO7 IV OPEs (I MifagEtE 788 <, 10 TCP ¢
BV VR UA IV 7 LUV OPEs & AN THE
WHEREN AR O LPABEIN TV ST bk
AChE iEMIREOHR L 1TIEF—%% L T\ 5,

KICAF UV VYV ZWR VB VHEBEEENP SRS
Sep-Pak PS-2 71— 1 U v V&R HWT, KFIZHEML
A VRBEIESL OPEs # 8 « BH L CHEIE A
E L7, TMP, TEP, TEHP LISt OWE Cit BIF 72BN
R (656~97%) »E LN/ (Table 2),

fH5200F Sep-Pak PS-2 11—+ U v UEHWT 4
HOKPMEBREEILEYOBREHEEREL, COhT
IE RO 6 OBKEHBE ORI Sk iE L R
FTEEELAICL TS, SEIOERICE T,

TMP & TEP OEIREAE DL, N EOHWED log
Pow WO F EBUREME N LICEAL TV 5,
DDVP (3 log Pow 28 1.5 LA LEHEE T HIC S0
5, BiFAEIRELRL T\Wb, 7%k TCP & TEHP
i3 log Py 8 4~5 L BKMEAEH VI L 2 5S4 EUY
EKRENDIE, =Y v IV LOBHEHRRLHEEND
BEHERE S« OBEICE D EEZ LN S,

7t¥, Hg, Cd, Cu7z b OEEE L AChE #[HET 5
7, INHOERBEIL Sep-Pak PS-2 [CRA Iz
DT, KEBRETIIRNEIOWE L5 5,

KiEw TRUEBS TOKRHCERA LA, £F
KOOI IEIEF IC v AChE (R HE R Z D B
7o BHEE7: dose-response BAtRL 1 LN, TOETFTKD
ICso 134 FADE# 20 mL (2 fH34 L /-, Table 1 (Z7R
L7EBREREZBEICL TE FKRERD ICs % DDVP
WEWE G L L 60ug/LICHY4d 5T ik b,

£ETFKICIE I D LS Ashv AChE iEHBEENED S
N7, PSS ORIEKIZIEELES 20% T
BV, A TRICHAEERRED /5K T L TwWiz,
COT L, FAAFEERIC BT, AChE #fiEd %
&2 OWMBEPERBRICRED 5 IEBEDI L - TH
RIN/ZT ERBHRL TV 5,

KAV RMAEIC L - TH ATV / /% MEP &
FORBEY VREEDT TRFEILINIC 50% LT ICED 7
HITERRLTWS, T, HBROLDITHERAMIC &
> CTHB) VREERIT A 7y VEIKEME S T, RV
AChE {EHIHEA /RIHEICET L EEHLMICL
T\ 5%, SEEEE L 722 PR A 5 ORitKIC ik
AChE {EHFHER 1 L RO b » /o, HE
MR L AHHER) el o%¥E) L AChE G &
DOBRICOWTI SRR T N EERZLRETH 5,

AR ANDIGEE & L CTEERERHO 5 Mk L
CAEFRO I FIIAKICAREEBEHL SR, JRHHA
AN SE TNIT: AChE FHER AR 45 < 56% %R
L7z FETFINSERHirh e iih, BFEmE, £t
FEEERE, FEWELEOGTERIOE 2L L
KEBEDPZDEALZNTH D, nt3, EELER
BENNZ>\T, Table 3 1R L /o EBREE RN LR
AERTEY, BHONIAEZME 0 QIEHEES S WE
BARDTNE2R, ZOZ &g, REN O THH
INBERENEFICE T LE2REL TV 5,

AFRO 11 CRERRD BN/ 2@z vTh
L AREBIZRAT HRB L2 TH 5, BFRAFIII
RRAOREIENETH Y, BEBMEDOS EIIZIR
B EEEHOMI~ORHB A FHIINE BT AT
TV LR OESHERIEL -/, ZOIE L
D, BEFRANIITIEE, LZEHEK, LEfgkxy
ILEENLER) ALEHOREL VT »R DEW &
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HEINh 5,

FKERAS N >WTHE Y Vb r BEL /-
R, 11 EEAME L7 (Table 4), BRJIITo MEP
134 ug/L L EBETH - 705, BEWIEENIKT
3, B VRBEOEHEH ARSI L, BLU
OPEs i3 A BE# NEANCEIL T 5 &\ o 1ot s 2
FTwb, kH63E, MEP, ¥4 7Y /v, DDVP,
IBP OIEEM, &)IAFR TOR Kb R &
S TRZLN, MEH0.01~0.1ug/LEi%T, BT
bBug/LOVVEHELTHY, K#TLHLIBP %
BROWTEREFEOERAE SN TS, 35, GC-FPD
DOEW/NZ — B TRIER L EETRRERE—
DEESREDONI, TOT &L, MIIKPICIISES
MWERKFL TED, SEOERTEREI N/ HH
AL EWE, ZO—8IC T ERN T EABERL TW
%, BHRIITHE SN 1.34 ug/L & MEP EE|3iEM:
HERTIL4.7ug/LIicHYS 3+ 50T, Table 1 DEE
RERLVAChRE EHA#BHEL L VWEBETH S, SHO
KBTI, EHRERFOER) VL EHDOMBES) Ta-
ble 4 DEBRFERICE ST 2Tng LRDLNBFE T
DWINNAKIZ I VT 56% ORHERAFD LN, TO
ER I DDVP (B4 5 & 14ng M T 5, —H,
Table 4 70 HIEHEBIE RO DDVP 12 2.7ng LRk 5
NBHDOT, FHEEOBEE L —HKTA L WARELTIER
PULETH S, ThkD, KT ACKE FifHE
DK DDVP (c &S LI N A,

KROBREHFE TIIRAD HHE S DL EIC >\
CHKDOEEGH a2 T-> ThAHEIN%E N, LaL, Bl
VLEHERERN R ETHBEITETERED LS %R
e HELHETHER Y~k A7) —=2v 7L, AChE
EHHESED Hhiud, ZOBICERE SR
WTHESH AT 52 EPRFES LUERBOB A
LHEFLWEEZOND, T/, KETIIKBOHRY
AL EWERESNCRE L 2 < Th, AU AL&HofE
HAEZHEINMICEHETES L WO LD A v 3%
%o SEIOEBRGEATIIILORE»EKBL C5mL &
FTAHT L aEARLE LS, AChE EHIHEOHIE ICITHS
2 0.05mL U RBEE Lwicy, DAL EORET
FERTHZELAEETH S, F/o, AChE [EMIHE
VEB TIIBMEREY EFA L TINANEA LD E LT
&5,

E | &

ARFREHED BICHIc-> T, BEOFRPERRIC I W
TP ¥R RFFEEOKHET, BHIET, AR
W, BREET, BEERTFEROBHIYEL, T/,
R AFHEMRPT AR Y X —DAX v 7D
T2, FREOBEEZR-> T30, &, K

B 98 & — B |3 Cooperative International Research
Project on Marine and Coastal Environment of Iwate
Prefectual Government |2 & ABF%eBhRS, 5 LUMEE
LB RFP BB L - TiT > 700 T TICER L TR
#HT 5,
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