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HHTABROERERE LY, FHECHH IR S NBi% S & OILFEIER A2 O iR
THhaH I L rteh iz, MILRRIICIIIE D FEKE U THFRKIEET 28055 <, 4
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N E1 HTARAOSRA
EOBFRHHES £ ST, (BLRBEREAASTHOMYE [AEE] O—Bt &R

R HTFARBRADEER

HENo. BT (ERTESAR) 1 %
1 N BROFAH, XEF TH1.8m, BILREH
2 A RERoOHF, KEE THI5m, HEREH
3 AR _ BROHFF, XEF TH1LIm, BEREH
4 A EEHE, KEETHLIN, BREREH
5 ARl RROIFE, KEE TH2.0m, BRIEREH
6 AR RBROHF, XEE THLm, BFEREH
7 Faras BROIF, KEE TH2.6m, BEVik LIER
8 Hi BEOHF, KEE TH4m, BAEREA
9 B REOHF, BOPSEK (RSETH), SKEACHER
10 B HEHE, KiEE THLm, BIERER
11 I EFEHE, KEE THAm, BERSEA
M-1 =2 RROHF, BO»FSBK (FIEITH), HEHCHER
M-2 a3 REROHFF, BO»OHK (RSIEITH), RBHICER
M-3 HEE No.10 & F—35FF

M-4 AT No.4 & [f—35BT
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Sample No. 1 2 3 4 5 6 7 8 9 10 11 M1 M2 M3 M4
pH 66 61 67 71 71 70 68 67 63 66 74 61 66 65 7.0
EC (mS/em) 055 048 053 054 121 087 028 059 0.73 062 056 055. 0.60 0.56 0.46
Na* (mgl) 187 528 212 496 529 37.7 203 222 866 53.0 444 69.6 622 574 36.7
K 646 595 565 497 282 904 148 325 104 383 430 7.82 7.77 287 4.68
Mg® 824 577 129 103 222 172 179 983 113 7.30 9.95 817 822 114 805
ca* 276 17.2 448 3711178 715 148 261 242 101 390 158 179 172 308
F 0.12 019 009 026 033 0.14 021 012 015 010 030 0.19 0.14 007 038
cr 385 61.7 377 6061755 742 175 37.9 831 493 324 505 67.6 432 520
Br 0.13 0.18 0.13 010 036 023 0.0l 014 022 016 0.12 018 0.8 0.14 0.09
NO;-N 238 7.86 251 7.32 447 300 504 194 165 161 150 130 166 168 11.8
POS-P 063 030 0.90 022 165 133 0.7 019 061 032 029 052 065 026 025
SO 576 483 556 464 1025 80.7 151 53.3 874 662 617 782 852 610 60.0
& PN-Air (%) 12.9 13.3
) £3 WTRPOHRETTEERE
bR b M b o 7, ‘ ‘
M-1 M-4 HHEAE
BREEEIX0.28~1.21 mS/cmDEFH T
- e _ Mn (p) 0.9 12 50"
HY, WTAROEIBUEETIC X o TZOHED Fe <10 17 300"
KELCRR L, ZDBENEL DO TAIE, Cu 8.2 3.7 1000
)
BOLIKES 2 BFOKEO LOK 2 82 12100
" R PN 4 As 372 17 107
No.7C, i W2 FHE I e 5 Se 11 04 109
WAILEN o Cde —F, ROBWEELR <001 0.01 107
LEDRBORREEOKFOLE LS  He + <02 <02 0.5%
. . "~ Pb 0.27 <0.01 10?
DOFENo5T, WAL L 5T L E D
. . Al 7 4 200
FXTH5,
B 158 70 1000
2) BAA> - Al
2) B k& B Ni 221 12 109
A 4> B4+ O’EIX, Natl17.7 Mo 0.3 05 704
~86.6 (mg/1), K:1.48~28.2 (mg/1),  Sb 0.12 0.16 24
' U 0.004 0.045 29

Mg™:1.79~22.2 (mg/l), Ca®™:14.8~117.8
(mg/1), F:0.07~0.38 (mg/1), CI:17.5~
175.5 (mg/1), Br:0.36 (mg/1) HT,
NO;-N:5.04~44.7 (mg/1), PO -P: 0.11~
165 (mg/l), SO:15.1~1025 (mgMl) TH

DRERDPE TR EERICEE Y 2HE (FHEfE)
D KEARORERICEME T AHE (EHEE)
D REAROREAEEER (BRME)
DKGEARDEREE (FEEHE)

o TNODMHEIZ, HEHICHES N HIBOETLHEAF Y OBEICKERERNSHLI LS
RLTR2o T, BEILAEMEE b OB TAREIIOWTAS &, RENoT A +
VA F VECFOBRENE, BEEUES028 mS/mTH LI L EFMBTHL, Zh
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I LT, HANo. 5K, Mg®,
Ca”, NOs-N, POS-PE L U'SO”
PREORB & HRTHBOTEL &
FhTws (ERMEEE:1.21
mS/em), —HEIZ, NOs PO 13
TAREROREL 2L TdH
e, b At UL E&EEn
TWa I ik, HTKELRIHEST
LTWwbZlaRmgEds, K212 :
i, MK ONOS NI DR E2 NO,NBECHEAT
DHER LI 1ZEALDORBD, KEKEEHEM (NO-N: 10mg/lPATF) 2KE (LT
B EVhhb, kB, MTAKPFOEEILEWL L TONHPNOAIHRHBRFALT TH o 72,
F7z, MTKROKEDRELRLE A D721, 19994128 \HREL L 7245 & B —33F T, 2003
E6H ICFEIM-3 (19994 IREGREING.10) B L UM-4 ([FINod) ZHML7zo FNOHDOKEIC
DWTIE, Nat, CIBLUSOMBEICHETIALND DD, KELRBLEIEDLNE D72,
(3) 5"Nf#l

BRI NE NOZOORERMESKHFEL, FORKFPOGHELITIZIZ—ETH 525,
WEICL o CEDHEALRBAT 2D, TOZODRMEDIIE, AP OEFEFMIMAKL %
#EL, SELLTTFHE (%) T (1) KRoLkHicRshzr”,

"N (%) = [(RewpeRaw) . — 1) %1000 (1)

ZIT, R="NNTH S, ,
SHRERITo 72 2 DOBT AR O 6 NIk, TNEFN+12.9%B L U+133%TH b, b
DT RIZBEDOITE & FRIFAEDEE P LM ENT2D D TH DS, WHED 6 "NEIZA+13
% T, ZIF—BLIZMEEZRLTVAS, TRNETIKHE SN TV L EEMBEIND 6 "NEZ B%
KEBET S0 ERLEIE (8% ~+3%) &£ U b TFAMAK (+8~+15%) IEVVEE W Z
%,

(4) METHRRE

EMBOBTADHRT, M1EMAD 2 REHZ O W THMBETRBESWE L, AHEAEEE
LB L7z (R3), Mk & bREICEE ST 2THE (As, Se, Cd, Hg, Pb) B X UUKEK
PETREERICEETZ2HE (Mn, Fe, Cu, Zn) KDOWTRERMBUTTHSL, 7z, K
BAROPEXEEE (AD) Z2WTd, HEELTTH S, Lo L, BESKBHICHERAS
TWAREAM-1IE, KEXKEHEE (B, Ni, Mo, Sb, U) HONifl () »EeHEL B
TWwh,
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5. E&

FINELERTESEOH T ROKEREICBVT, £ L DR ONO,-NEEIKEKDKE
HHEME (10mg/IPLT) 2B TWB I EHFHL PR o720 NOSNFSRICKEAPIZET R
bE, & MDENTENDNO-NIZETENTIMEFDNEIBE Y EFEEL, BICFLRIT
LTA MAEZOEVIE (F7 /¥, REFR) 235RIFLAbR TN (T
H? k) 0D, KEEHMEME L TNOANS & UNO,-NH#IC10mg/I BT & g Sh v
o COMEBEICTLHE, AFETIIHENO.2, Nod, No.7PND 12 B ARG HHEME 8
ZTW2, BB CTHAEDKBRECHER SN TV B HFEKRONO,-NEEIE, RENo.9T
Hﬁmw,MJ@HB&@&V%LTMQTMﬁMAt&D,%h?ﬂ%gﬁﬁﬁéﬁifwéo
T, NOS-NTHTFARHICS & N2 ERETTHS ) 7o

TP ONO;-NOFARTED 5 VIZFHEGREE LT, ROBERIEH I TW5EY, O4TEHE
K%, @QFER (BROLE - HET, FFPKLE), OMIER (LERE, AL Z
&), OKRRFBEHF—BAR (HBIEHETA, BEFRFETRALE), SORT, FEFRBIRTIE,
BERFRRBIFELZVOT, EEHARPREEROCBIBHTE S, 72, RAFR—BK
RiIZOWVTR, AEMIBOIICAET 2LRE THBRERTHORENBTRICDHA TS,
R bpHMEDEVEE (pH:4.7) THNO/-NEE 3#0.4mg/ &, EMBOBKIZDOW TR
KEBEEZIT o TWRVDS, TOREONO,-NEETIE, MITAKOERBIC L 2EEEEL
THEHREDONO,-NES: (10mgnblE) 25| &R TERICRL LZEZ DALV, —F, B
METIIMERRBRESE TN TBY, MEMVARICI D L, HEL EOILFEILE O MR
PIHbNTWDE, ZDZ i, {LFEBIC L BT ARONO, - NELOT ML R L T2,
T/, ARCTRTAEORBIE->TBELT, REFKOBTANODRBADELZ OIS, L1
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BoT, TNEDHIZDOWTHLLATARLI LT 5,

3IIHTAKDSO  ENO,-NEEDOHRBRETH 5, T ORICITEFREE L LT—HHITH
LT B (BB 7 Y= 2) %%, (2) XD L) ICHERTHERA 4 Y ITBbT 2546
DSO" ENO;-NOLF B M L BHRER L7 (RPOER) o

(NH,) .80, + 40, — 2HNO; + H,SO, + 2H;0 (2

ZAFEIEBOER LI 7a v b ERT, SFNICIHTRONOS-NE SO E i E DA
% b0, (LERHBWEEL Y BNOSNASZ VI VT (HENos.2, 4, 9, 10, 11, M-1,
M-2, M3, M4) £%w7u—7, (FHFNos.1, 3,5, 6, 8 D2OLEFIFTAHILHBTES
(22T, TNENELIBIUEN IV —TET2), Mk SICHBES LRk E0ER
FHEHZ, HBEHTT VES T OERPe - HEBORESREIABADH VB LAY, HiE
DEL TNV —TTiE, NO,NEDOHIME HIINa', ClI, KA EOBEED B ICHEmMT 2 &2
b (Bx, M4), LREAUEFIKEHROT S NLRSOWGFRE VDO LR
SNB, LitioT, Bigh COMMEMEC & 5 I8 b 5A I RHT S 2V, AEKD
WTREOFEICL 5T, SOFLILRNO,NIFELEFIND LI hobDLEHNINE I,
ZOHTH, HHNo9, M-1, M2REFEDTEHIMET 2HFNLLD DT, SO7 L HITNa'
DEDMOFE L Y BV, ThOHMTAIE, EEHKDBADEREIECKREP720THS
Do

TR LT, BREOED 7V — TIEINO,-NEIZH T HNa OB MEIAHEL (4), —F
TH 5 OPO-PENO;-NOBMRRICA L NS X 912, MHFEHOMEEL b0, ZOFER, B
BELTHBHCHERAIND Y VBOBESBTRICENL TSI LR REL TS, 2hb
WK, K3IRSNTWAHREDSOS ENO,-NDOLEERMER L ) BNO-NFE & F

100
H
80
= N , ,
= : M-2
Z 60 ; S wa. e -
o .04 “0 10 °
= o ;
20 z g ;2
0
0 10 20 30 40 50

N0y -N (mg/1)

4 Na'iBE ENO,-NigE OB
HhoH=EdRHES 28T,
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U VEBRIEROREE, (2) ROXIICHEREL L TE2ERPHTRKOBRELEFIERI T4, H
MO7zDWELTRIKGEEDT VA FHRAISN b0 LfERINS, —&iC, {LFEHOHE
12X > TNOS-NATE & %2 o 2 H T KL, Mg*RCa"dbZ VI LIRS TBY >, KiFFEIC
BOWTHEBEREMERLTWA, Lo T, FN 7NV~ 7O TRMBIIEES hifbE
JEEOBELZEENICKBEL TR DEATIV, &8, RENo7IZ2WTIE, HI1 7 V—
TBIUCEIZN—TDELLIZLEHDTWEY, ZOHTFAKIE, NO,-N, SO, Nahk L Dig
BEFELIEL, HREIEILAEZTITORVEEZONIPLTH D,

BT AR ONOF-NIZDWCIdREA R BHFIRICHR S 5 Z LA E T2 0™, 208HE
OHAFE L FRBHEL LT O NEATEE SR TWAE™ M, 2o 6o "Nk, BEMRFET LI
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W 4
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F+10% 2R D354, HEPTK, REER, FHRIEE, B2 EPNO,NOHELRFE L LTH#
ATHTH 2, LrL, BICBEI T, TRLET 7 V- 70HTAE LRE &t aiEgk
DB 2bDTHD, BORLEEONED ZORREFEL LV, 2B, REJKSD
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D 5 NEIZ+10% AT OEVEZ R TREAR A, SOV TE, ARIEEF) FE
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Groundwater Pollution by Nitrate-Nitrogen at Manabe Island
in Kasaoka City, Okayama Prefecture
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2640 Nishinoura, Tsurajima-cho, Kurashiki-shi, Okayama 712-8505, Japan
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(Received September 30, 2003)

The groundwater quality of Manabe Island in Kasaoka City, Okayama Orefecture, was investigated.
As a result, groundwaters with high concentration of nitrate-nitrogen (NO;-N) were found out.

Groundwaters can be classified into two types on the water quality (Group I andGroupIl ).
Group I is characterized by high concentrations of SO,”, Na*, K" and CI. On the other hand, Group II is
characterized by higher values of NO,-N, PO,”-P, Mg” and Ca™, in which the concentrations of Na’, K*
and CI are lower. In addition, there is a positive correlation between the concentrations of NO;-N and
PO,*-P in Group II groundwaters. Therefore, it follows that Group I groundwaters were influenced by
sewages, and that Group Il groundwaters afected by commercial inorganic fertilizers including of
nitrogen and phosphate.

Nitrogen isotope values of nitrate (8 "N) were measured on two Group I groundwaters. The
values are 12.9%o and 13.3%o, which are much higher than those of chemical fertilizer. Consequently, the

high & N values also suggest that the nitrogen of Group I groundwaters were derived from sewages.



