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1. FLBIC
TR 194EMR [BEAE] CLhid?, mmisER (UT, NOs-N &d) ik, ek,
Ty HBeoTEh)rzuonF Ly T by rsunrnd Ly i EOBRERERILE
Pl bICEHEETHT AP OB INEIMETH S, NO;-N ORBRBE I 5070
TIX?, NOs-N 2% < &tk BYBHKA L2GE, A MNESOEVIERSREN » 0
TR H 5 LI ENTBY, #TAKDNO;-N I X 575, #ORK & T KICK
FdAHE0BVEKETRERL2ERBE 2o TWwEY, BRIZBNTS, BEEICL?
T ARAEERETIRY, NO;-N ERORHEBOBWEATHY, BEHLE INO,-N B
L UNO,-N (TAEEMEE) 10mg/L MY} 123§ 2 8BFITFRK 17 £ECLHAL
A9 ROHF D 4.2%12EL TWD (—8, NO,-NZ&TL)o LAL, TOFEER
BB LU EBRESKEEEHILECESWCER LB TREONERELZ LD T
LD OTHY, EEREBFET 2RAEOHFIIBNTH, NO;-NIZXH#TK
HHRFET L COA TR E . T2, BEACL2FBERIFRIMREETE, B
THFE OBIE IR EERNH 35% # WA TH Y Y, HRVLBEYEHBICRATHS S
EERRLTWA, NO;-NDFERIFE LTId, BER, FER AEBHEICR KAHR—
BKkR%ED, ZOHERFERIZIZEICOELD, BEALI>TRHERLPFEAL TV
ZEbEZOND, L7oho T, BEXELBZ 28 NO; -NIBESBT KD LRI
ENLZHIBIZOVTIE, BT ARBEROFRELICEBT DL L DI, TOHEFEERET S
CENFLRFERNRTE LD LTHLEL L >TL %,

b ERILR OB WHEHOBA NGO B4 OB T KHAEZEDOTWEY, €
OBRCKELXEBEZBLLEH VN, -NBEOHFKOFELRE L, REELHML
WHIE & N7-Bh%e s E OB E DB LRI TH L L2 IHLE Y, CORERE
2T, BED (34 V0B8] L LTHMONTWALEBREETORE % 20 S5
U, NO;-NIZXBHTKRERRLZHRDLZEEMEBNE Lz, ZOKE, BEED
NO;™-N 2 &L HARDVEHMA SN 22T, AED NO;-NIZ X 2 FARELROH
REZOER, $0OKRELEOBBIZOVWTIRF 2T o4O T ZIHET 5,
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2. BEOHE
REBRARROEBHICMUEL TBY, HCIME, HEIZEDS, FLTHICRE
BEOBHEZEDEACHEN-BHEE0.6kiDETH L, ZDEIL, SHEAAHIS
BERAIIC2TC, M EKEORBME LT, TLFEAICIEMECHELTE,
BRERRIC 2% L, EMEFRREL, BECOENRB L CMEELESERELL ZoTw
bo RUEITIRE 2 HEEREAKT, IHVR2EILOHE L-MBEOBEIEAT, B &
REIAVDBE] L LTEELTE, RETIE, TIABALURE, AD2EMmL, &
PERHEIZHT K GREK) IREL T, 207290, HETOLHENSHEEL,
HEHIZEALTVWARED
%\, B, 200641 H I
CREBETERETIEHL,
BERRBETHEBE 2o Tw
%o

3. HTFARE
HEBOHTAOKEEYE
BHoloT a2, BRR
5 9RBERILZ (1),
RIS 2005 4E 11 A T3

5o
RE L, TEREME (AR

B RBTEREE),

W B Fr— b (&

RBH) B L UNEE (1,

BB LML) PRk M1 HTFKRHORBES

S R OBFRANES* & T,

TR T CIERBEO SIS S Db DT Do LTI SR A % 7t
No.l (HREED) VY ¥ A% v F (BHF), SOBHEICKMER, WAL, REFEV,
No.2 (EFHIT) BE (BFF), BRI, B,

No.3 (BEHHT) BRE (BHE), SRHICHEH, Bl
No.4 (FEFHWT) BE (BHF), SR, B
No.5 (EHIT) BRFE (BHF), SEHRICHE, BLICH,
No.6 (EFHNT) BR (BHF), SREURICHM, B,
No.7 (KiENT) RE (BFHF), SREAICRMEM, AR, REFEV,
No.8 (H/:HT) BE (BHF), SOBAICRER, WAREV.
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No.9 (WHENT) RK (BHF, #70m), FBAICHEM, A2

4. MEHE

W KEREUEC, pH (4 pH A — % —, HANNA#Y), HER EWHEC A —% —,
YEIBMERT) 2L, 250ml DR ) BT ARE E AN TEREICEDFo 72 BRI
Lt TRABIEABYZEGEEEHIOT, ATV 74NF— (045 um) T
AW LItk A4 2n0< 557 (DIONEX 8, DX-120) 2 W, BA 4 (Na*,
NH,", K, Mg?, Ca®) R4 4> (F, CI, NO,, Br, NOs, PO, SO/2) g
RRE L7720 AL T, BA 413 20mM DR ¥ VAV VEREW, B4+ T
3 0.3mM OREEKEF )AL 2.TmM ORET N Y ABBEOBRATEEBEERE L
TR L7z 72, B EICL T, pHA.8 7V H ) E%RD, ZOfEH S HCO; i
EEEE L.

5. PR
REOH T KOKEAGHHEREE LIRS, T, EOWEHEB IOV TORHZE~5,

F1 HWTROKENRRER

Sample No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9
pH 87 6.6 74 6.4 6.2 6.4 6.8 6.9 6.1
EG (mS/cm) 0.39 0.31 1.01 0.34 0.36 0.32 0.41 0.24 0.36
Na (mg/L) 42.95 2608  154.71 24.86 2794 2234 4040 2938 2471
K 3.51 6.93 15.14 1343 7.34 6.79 10.29 5.45 2.81
Mg 9.70 7.06 20.43 9.78 10.27 9.75 11.78 3.70 10.85
Ca 45.77 30.09 24.75 37.61 39.43 38.61 4624 2029 4793
F 0.40 0.45 475 - 051 0.40 0.36 0.51 0.26 0.67
cl 28.15 2433  286.06 25.20 19.65 15.08 23.02 24.30 16.26
NO2-N - - 0.17 - - - - - -
Br 0.06 - 0.88 - - - - - -
NO3-N 2.61 1.35 9.56 9.24 14.41 12.31 5.37 0.35 15.49
PO4 0.50 1.74 - 2.70 - 0.64 0.86 0.43 -
S04 59.02  51.72 12116 69.23 84.88 7732 8201 1878  86.84
HGO3 160.3 464 93.3 26.4 245 20.4 86.5 99.7 18.0
FERE (mg/L)  154.2 104.2 145.6 134.1 140.7 136.5 163.9 65.9 164.3
- BHEBERUT
(1) pH

pH X, No.3 D& (pH:7.4) 2BV, flid+_XCEME%ZRY (pH:6.1~6.9)0
ZOHT, pHEPFIEKWRB I NI D 6.1 THolze COMIBIMUEFROEEHTH S
pH5.6 BLETH %,

(2) HEEZR (EC)

BERIKFECEINIBHEAAVOREZRMLTE), RIEEROFHVRAM I
No.3 D 1.01mS/cmTdH %, #iZ, i b EERDOEVFHAHINO.8 D 0.24mS/cm TH > 720
(3) A4~ .

Na* i 1338 No.3 D A% 155me/L & & TREVE % R 55 ORERE 2 #4f
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200mg/L BLF) 9, fi1id 22.3 ~43.0mg/L O#ETH o 720 KT S 2.8 ~15.1mg/L
T, Na* LRFRICEE No.3 B REE% R Lze Mg? i3 3.7 ~20.4mg/L O#BHT,
A No.3 i3t & IR TEBMIZZ DEDE V. Ca®* BEIDOWTIE, RE No.9 2 b
BWEEZRL, ZTOMIZH47.9me/L TH o720 —F, D Ca®t BE T No.8
D#320.3mg/L Th b, &M, REOHMTAD Ca® BERBEWEEZRLTWVS, B
AFOPT, TKIZETNSZ LHPE W NH BESH OGSl T_XTREBRUT
THhote

(4) &A%~

CrigEE, BLALORET0me/L LT TH 5%, No.3DHH 290me/L DE
HERT. 2B, KEKEHEEMHEIZ200me/L LT Th b, B0 L Hi2, Zox#
ENa"BELBOCTHEL, ZhoAFVEBTAPIINaCIE LTELETR TS D
DEHZRLND, NO; N iEEIL0.35 ~15.49mg/L T, ZDEEHIZIE V. KEKER
I3, NOy-N B & U NO,y N OfEA 10mg/L T ERESRTBY, SEOHH
Tix, 33 A (No.5:14.4mg/L, No.6:12.3mg/L, No.9:15.5mg/L) NEEE LB C
Who T, BREELZBIRVICLTD, BEMIZEVWREESFET S (No.3:9.6mg/
L, No.4:9.2mg/L)o B 21213 &R O NO,-NEEZ R L7z SO EBEIZOWTIE

No.3 %% 130mg/L 20
L, BABHWERTEL  (mg/L)
125, MORE S Ltk 151
M40 2 DI W
10|
(18.8 ~ 86.8mg/L).
160.3mg/L D &iH T,
B No.1 DRl 0
204 No.5 25 B 1% %
L . 2 HFKDNOS-NEE
7 L %o HCO; 8 I HROBFRHHES £ 8T,
1 Calt i & AHH %

SOBET B TH LN, KR TIIENS OEICHE 2 BRIIED Sk d o,
ZOMDEAF L LT, FiEEIX0.26 ~4.75mg/L T, 38 No.3 O Ak E ik fE
(0.8mg/L LLT) ¥ 2 K& {BAT4.75mg/L Th oo POS W6 RBTHILINTS
D, ZOREZ043~2.7Tmg/L D& TH B, % B, HB No3iZBWTid, NO,-N
(0.17mg/L), Br (0.88mg/L) %, ¥ -5 # No.1 T Br &M & 172 (0.06mg/L)
(5) e

KEADHHERE D LT, Mg™ & Ca” REMPOEERFE LA (F1)o ZhiZ7 1Y
ARBWERERT, WROFERICL S,
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W (mg/L) : Mg?* x 4.12 + Ca** x 2.50 (1)

BohlEERAR 500
No.8 (65.9mg/L) % (me/L)
B &, A1 100me/L 150 e
DEDOWAKTH o
2o FOHT, BIZH 100

¥ No.7 & No9ix #
160mg/L & &\l %
RYe 2B, BAROK 0

501

HAROKEIHEMETIZ 1 2 3 4 5 6 7 8 9
300mg/L B F & #1158 M3 HWTFKOEE

XhTwsb 5) 34z *@;&?‘i%ﬁ*%%%& & —"-o

AR ORI RR L, (wo /L)

(6) KEMBK 5 o 5
SN EBEFES T b

B, NRFTATIIRE Mgﬁéé Nodl

LC8y =L, E41izK HCQ:-NCfJ:*Ic

EEREER e SOnE ) XEE? No:2

FILT T hhE, EWT 7

KA OKEMBUIKD &9

CELDBHIENTE S, ?} Nod
No.1: Ca-HCO; - Ca-

SO, H M &, No.2: Ca-SO., ﬁ

No.3 : Na-Cl, No.4: Ca-

SO, No.5: Ca-SO4 No.6: i&

Ca-S0,4, No.7:Ca-S04- E% No7

Ca-HCO; H7f##l, No.8 : Na-

HCO, - Ca-HCO, #RJ %, No. €

9: Ca-SO,

LidioC, &EA#H S <§EE> No.9

N7-HEOHTKIZ, No2,

No4, No.5, No6B & T K4 KkEHEKRE
) HhOBFERRBSEE T,
No.9 @5 S E AT L 7z %

¥ — % b D2CaS0, ¥ 4 7 C, fitid, Na-Cl, Ca-HCOj; - Ca-S04 3 & UF Na-HCO; -
Ca-HCO; D5 4 TOKEHMBETH B EVZ Do

No.3
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6. BEELVEED
(1) ko
REZEEHZETHINTND420, BTRNOHKDOBALRE, #TKOKEHBIC
HROFENPBEN T LMEERIELbhb, 22T, HKOBBIZOWTERLZT ),
PR TR LI, FWHETo-RBOBTARTHE, 3 No.3 » itk L k&
CERLLFHAERL TV, B2, Nat & CTEBEPELLEL, A"FHFALTTIALT
W NaCly 4 7OREMEERL TV 5. R5I3FNFhOBTREE% Na™-Cl” K42
Ty bL2bOT, A No.3 kDML (Na*: CI" = 0.553:1) T P %4l
BISEVIBFTIICHBLTWA ZEBRTENS, T/, HAPICEEINS Br ORE
A& < (0.88mg/L), Br/Cl lb#%0.0031 T, #EA D% OE (Br/ClI I 1 0.0034) 12
WKEBD TEVWEEZ b2, ZhHDFEEZ, A No.3 D FRIHEKDBADHEEE L
ZFTWBEIE %R

180
LTwb, —#khgic,  (me/L)

160 ®3 ]
H#E7K @ pH fi 14 8.2 2 140

o) - N 11)

BEThrZ ehpb D, 120
A No.3 254l o 4 +, 100
Wil D CHe—pH7 4 < 80
DT VB ) HEET ot
B LS WADBEO -

2
Bz ohb, — g a _ , . .
7, MoHT R, 0 50 100 150 200 250 300
5 2B\ CHEK DL cr (mg/L)
HeRyEHRIY B E5 Na" & CIrigEDmME%

HbOHFEIANES £ ST,

hcrsay pEhTH ,
D, ¥72, Na' BLUCIBEDEEMITIERNZ ED S, BTFANDEKOBBIIIAS WV
bOLIEESNSD,

(2) KREHEG

BT KOFEHIE, NOs-NBIUSOL BEOBVRENLVWILETHE, B
12, NO;y-NEFIHEETH15.5me/L &, REERBELZREIBLTVS, AP
KENOs-NPERIEETNTWEE, LRTBEATEANNZ FY TIZE o TESIC
NO, -NWKEBELENCMFEFDOANESOE L EFEAL, A PAEF OV MERF|XRBE
FTIEFHONTNEY, 072012, BATIIAEEEMEE LTNO;-N B L U N0,
N &b 10mg/L BT EBEENTVEY, Bl k iz, FHFETE, 5R%
PKEXEEELBZ TR 2P, H5VIZZFOMHEISE (¥ No.3, No4, No5, No.6,
No.9)o %B, ZHGHTAREAETH BRI SN TVA, T, NOy 29T A
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FIZELETND X BRI TH A 9 D

WFARHD NOy-N OFEZE L LT, ROERFIBHIN T2, OEFEHAR, @
HEER RO - MBI, Sk n L), OISR (L2IER, HRERL L),
OKRZIER - AR (BBEBET A, BEFRPEIAL L) ZORT, FHAEMLMTIE
ERFREE L Lz, EEIKRPRIEROPEIEHTES, £, KRAHYE-&
KRREDWTIE, BUMREZEYMOT A TH S NO; & SO PELET LT AN
TS B0, ZOTEEDIZEZOREVI LD RV, NO;” & SO OFH ORED
BVHTROEET 2 HE2EETLE, BAKCII2EENLZHEELIDS, O LARKS M
FNREL TV BETENSBENE ho kb ELLFFERTH 5,

—%, WEIHEROFEBEIEIRA 2R, THAHO S CIEHEIERNE S
TEHODTW5S, RERECE, BAEERLBREY LB S0, BRF—BHTH D (F
T, S 1) L7odto T, LMK 2 L ORI H FAICEIN TV 5 RSB V.
%7, MBTIE, TkHE

. 200
DR I He i & 1 (me/L) [(WHJ,S0, + 40, — 2HNO, + H;S0, + 2H,0)
TELHY, FESKkoHm e
TADBAGEL B 10 ;

50 LT, ThHomEic ~
<+
i ) S 100 , <o
DWTHLARET S 2 A oo
LT Bo

6 24T oKD SO

& NO3 -N i D BIFRH

Thb, CORICIIEFE 0 5 10 15 20 25 30

- (mg/L)
BEEE U C—RRENCHW NO;™-N me
b A% (WRERT € BI6 S04 & NO;-NiREDER
HPnHFEIHAABFSES T,

= (NH,) 2S04t 45,

KRAD & S IcHEPTELENTNO;™ & SOZ BT 2 BA OWMEOILE R/
B Lz OB, |
(NH,)3S04 + 40, — 2HNO; + H,S0, + 2H,0 (2)

COFITHE, EHHHMED SOL & NO;-N OIS EOMBIRD b DA, M
AhbE, HMOEREIZTPIT 27 V-7 (8 No.2, No4, No.6, No.5B LU No.9)
& NO;-NIZx LT SO REDHESKE VT V—7 (A%} No.8, No.1, No.7, No.3)
D2ORHFBIENTEL (FNFN, FV—TABLIEITV—-TBETS), 2
SLETNV—TOXKEEYE LTIE, TNV—TARRADAFT I AT 75 A TEYUDS
5 — Y %R Ca-SO, 5 4 7OKEMBTHY, —F, 7 —7Bid HCOy MR <
(#190 ~160mg/L), KELix, Na-Cl ¥ 4/, Ca—HCO; & Ca-SO, B X UF Na-HCO; &
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Ca~HCO3 % 4 7OHEE TH 5,

IZBNT, FV—7A (BF No.2, No4, Nob Nos5BLUNo9) orL v F
B OER EIE L 2D, BIZFETEAL I ENNTED, L, SO & NOs
“NREEDORIC (2) R & ZIEEERYZBEIRY Lo TWB I L EFRLTWS, 77,
CHOHTAKIZ, BRICH (REEZ L) PR TV L HELSERILAZ D THA S
LD, FHE L SRR S R EOBEN# T A O NOs-N & SO EICHEMT
WHELDERTIV, 2720, ZROEME, LA TS NO;-N & SO OBEHHEL Y b
SO& BEVEBICALE ¢ 5. FBELRERMIE, FILESBTOMEEOREIEALES
HBIZBWTIRESA TS, ZOFERE LTI, —#THPLELBTAFTO
TYESITHBRWEBROKRE WY B ) v AR EORBIEL SRR %
B, TLWTKICBALZAEFIKICGERT 2 S02 OBBLRENELONS,

R e EOICEIEE OREIBIAE 5 # T ARDOKEEID—DIZ pH DETAH 5 9, Zh
X (2) XKoWAL X5, LEEROTERTOBRLIZ X 5 TNOy % 802 34T
57:0ThHbo FHOIZ L NiF, NOs-NRSOL I & BIERA#AFHE I, pHA6.0
BT, 5WiEHFICE o Tk pH5.0 1K<, KERHEME (pH5.8~8.6) ¥ X h kW
PHENPHRE SN Tn5E, RFEICBWTD, pH & SO OBBRRTIE (7)), L3R
HOBEERZTIT0EEEZONS BT No.2, No.4, No.6, Nob5 kU No9 i,
SO REDEINE & 12 pH A BMICIE T ¥ 5EmERLTWA,

TIWV—TADOHT

KTiE, NOy-N i jE ;j i 3

¥ Mg Bk UFCa® ol

B BN AT E R 2ol

BHELo ok @ oz gll ° . e

RTRLELII, 1t 66l . _ ]
FIH ORI L o T 6.4 .o

AT B 720 6.2} .

i, EAER G Ehst 6.0 - il

BUFAIA & LT 0 >0 o gy
NIERTHS )0 504

WL, TR 0L S Lo,

X > TNOs-NIZ X
LT AKBERDEZ o LIRBRABREARICBVTIRE SR TR, LizdisT, +
BbMAZRFE L 5 Mg® & Ca® OMEFHRTRICBITTAZ L2k oT, HRWIC
WTRKOWENL VB hokdbDEIEFEINS,

ZRIZK LT, Zv—7BORAK Tt (No.8, No.l, No.7 B& U No.3), ¥ No.8 D
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KA F Y OBEDPSEOMHERO B TEBL o TR, NOy-N B & 107502 A
N2 0.35mg/L, 18.8mg/L TH 5o HiZ, NO; -NIIMo# T E kL T, 20
JEIZFE L R (2), F72, 3% No.8 ORFEIMEL, 100mg/L LT O#MAKTHS (#
66mg/L)o SNOHEDILNE, TOWTRIIKEBRELIELALZTTRRVLDLA
T R LT, #H No.3 RHkORAZZTZH TR TH S 2 & REEICH AT
A, WKFTCE—HIICDETH D, NO-NDEE (0.5mg/L UTF) VAT OBT
KTHEOZLEZET 5L (9.6me/L), LFWHOBBERTLELOND I N
TAD LD HHTAREHEANRS L CORKSNIKETHL EHEESND, I, 3K
No.1 & No.7 iZDWTid, B2 O iohhd 2 Na* i <, H6 Tldilk oMtz %
FEMDHRE CHRT A, $72, NOy-N IEEAHBIG I 1 Mg® 5 X 0 Ca™
REDRE . CNHHTRIE, REOBERVORFKERBTRNENGOTHE L
7o, EEPEKORENBI TV S TRES BV,
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Groundwater Pollution by Nitrate-Nitrogen at Innoshima
Island in Onomichi City, Hiroshima Prefecture

Mamoru SENO, Yusuke MIYACHI

College of Life Science
Kurashiki University of Science and the Arts
2640 Nishinoura, Tsurajima-cho, Kurashiki-shi, Okayama 712-8505, Japan
(Received October 10, 2007)

The groundwater quality of Innoshima Island in Onomichi City, Hiroshima
Prefecture, was investigated. As a result, groundwaters with high concentration of
nitrate-nitrogen (NO3"—N) were found out.

Groundwaters can be classified into two groups on the water quality (group A and
group B, respectively). Group A is characterized by high concentration of NO3 —-N and
SO,%. Some of them show much higher concentration of NO;—N whose values exceed
water quality criteria (10mg/L). From hexadiagram, it is clear that the water quality
of group A is Ca-SO, type. In addition, there is an intimate relationship between the
concentration of NOs—N and SO,%,which satisfies stoichiometric relation on oxidation
reaction of (NH,) ,SO,. It follows, therefore, that the high concentration of NO;—N
and SO,* in groundwater originated mainly from ammonium sulfate used as chemical
fertilizer.

On the other hand, the water quality of groundwaters of group B are Na—Cl
type and intermediate type of Ca~-HCO; and Ca-SO, or Na~HCO;3 and Ca-HCO;.
The groundwater of Na—Cl type enriches extremely in Na* and Cl". The ratio of
Na'/Cl” is very similar to that of seawater. It seems that the groundwater is partly
mixing with seawater. The groundwater of intermediate type of Ca~HCO; and Ca-SO,
has high concentration of Na* relative to Cl". Furthermore, both Mg* and Ca* are
much higher in concentration, irrespective of low concentration of NO;—N.

As the groundwaters were sampled from heavily populated area, the water
quality of them may be responsible for domestic waste water. The groundwater of
intermediate type of Na~HCO; and Ca-HCO; is characteristic of significantly lower
concentration of main dissolved components. The groundwater is considered to be

hardly affected by water pollution.



