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Principal Chemical Constituents in Groundwater of Lan-Yang Plain
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ABSTRACT

The contents and ratios of principal chemical constituents, such as Ca, Mg, Na, K,
CO;~, HCO; -, CI-, SO~ in groundwater offer the information not only for under-
standing availability of the groundwater but for evaluating the contamination of salinity.
Lan-Yang Plain is one of nine important groundwater supply areas in Taiwan. In this
area, groundwater is the main source for water consumptions of drinking, irrigation and
industry. In recent years, the exploitation of aquacultural ponds and development of in-
dustry caused some problems on groundwater resources. These problems  include drop
of groundwater level and contamination of groundwater, Thirty-five wells were chosen

for sampling groundwater twice and for measuring water level nine times from Septem-



ber, 1993 to May, 1994. The results show that 7 wells with water levels lower than sea were
found nearby the coastal area of Chiao-Hai - Chuang-Wei and Su-Ao counties. According to
Piper’s Triangle and Collin's bar graph, the tendency of salinity content in groundwater was
increased from recharge area to discharge area. The water quality type was changed from
Ca (HCO3); type to NaHCO; type, then to Na,SO, and NaCl types. The values of E.C.,
Cl-, S.AR. (Sodium Absorption Ratio) and [C1}/[CO;+HCO;] ratio were selected to eva-
luate the status of groundwater quality of Lan-Yang Plain in this paper.
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RO EBH 2 RAPFLLEB " -
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# 1. MBPRETAHERRE R

M w4 BRARFHHhk HEHER | HERE B

" B
= (mm) (m) N E
EG- 1 MRS HEWRERSGTER R 88.9 16 502 | 316
EG- 2 | ZiRE/N AR ER IS R 50.8 50 486 | 306 | EWH
EG- 3 | WHEERH IR RS SN 152.4 50 473 | 319
EG- 4 | BaRE/D HMREOR K BN 50.8 45 464 | 268 | BMH
EG- 5 | BEEHKA| HNREEEARHN 152.4 190 459 [ 293 | WHH
EG- 6 | AE#XKE HRRERS RN 50.8 445 | 445 | 317 | B¥H
EG- 7 IREERE | ENRRESERN 50.8 20 418 | 283
EG- 8 | BpgmE L BNRR L BB SR A 152.4 35 434 | 304
EG- 9 | #iNBE/ H RS OR S RO 50.8 69 417 | 243 | |UH
EG-10 | H&ZH H B B AR S 50.8 50 418 | 283 | ¥H
EG-11 FLEES B RER I B SRS RE N 152.4 35 416 | 315
EG-12 | et/ HERBRERTEELR 50.8 46.6 | 394 | 248 | A
EG-13 R B R B 48 s 50.8 50 394 | 318 | EMH
EG-14 BILEN HWRE LR 50.8 51 377 | 223 | EEH
EG-15 HWET B R B R T 152.4 52 381 | 246 | EEH
EG-16 | {-EE/> =4 LR ) 50.8 56 377 | 291 | B¥H
EG-17 {9 —uk B B - B 5 4 B 203.2 21 372 | 313 | MEH
EG-18 THERM B B LSS PRt 254 50 346 | 193
EG-19 ERE /D HERA LSRN 50.8 50 351 | 244 | WA
EG20 | FrEiE/h BRI B SR R AN 50.8 50 356 | 301 | EHH
EG-21 Tt B H B e 152.4 35 357 | 323
EG-22 AW HWH =B A 76.2 12 323 | 232
EG-23 BER/ES | EMRILEE SN 50.8 80 337 | 269 | Eywgd
EG-24 | HiiEE/H HRRAERIEN 50.8 66 317 | 303 | SEMH
EG-25 Mk BB AR SS AR 152.4 45 320 | 334
EG-26 RERE/N HMWH= 2R KRN 50.8 50 293 | 214 | @S
EG-27 RN B LSS 50.8 50 291 | 243 | E¥H
EG-28 b UANY 1id R RIS TR 152.4 50 208 | 274
EG-29 | RN/ BRI SE R B 50.8 80 285 | 299 | HmsH:
EG-30 | fE@E/ MR A4S TR 50.8 417 | 288 | 329 | EMH
EG-31 1WA HNRRE R EE 254 50 277 | 318 | WEELH
EG-32 | LT fEsk =4 LB S e Sl 50.8 50 258 | 295 | EMH
EG-33 e BN REAR 254 40 258 | 327 | WEWH
EG-34 | {tE+ HMARRRgCkRE | 1524 40 241 | 334
EG-35 AN HWRSFMKEHE | 1000 10 234 | 356
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BBREHE VAR w {HBERR
pH{E PHEH % APHA*4500-H+ B -
maE MR BE203.1 -
i) BWEE BR{R2430.1 0.19 mg/L
XER BWEE APHA*2320 0.50 mg/L
EikpN B ER APHA*2320 0.50 mg/L
= MR E B{RF407.2 0.50 mg/L
) A.A.(Flame) APHA*3500-Na B 0.05 mg/L
& A.A.(Flame) APHA*3500-K B 0.10 mg/L
& A.A.(Flame) APHA*3500-Ca B 0.25 mg/L
#t A.A (Flame) APHA*3500-Mg B 0.02 mg/L

* Standard Methods for the Examination of Water and Wastewater, 17 Edition
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# 3. MBS RRBI824E9 A B834E5 A iy T /A1 MRS R o=

& * x &£ ® =
" ® g B/ME BAHE =z B
AR

EG- 1 10.86 7.49 6.00 8.79 2.79
EG- 2 6.58 5.85 5.84 598 0.50
EG- 3 2.75 -0.98 -3.04 -0.37 2.67
EG- 4 12.59 6.35 5.88 6.85 0.97
EG- 5 2.72 2.12 1.77 2.37 0.60
EG- 6 2.62 -0.77 -2.42 0.02 244
EG- T 2.63 0.70 0.35 0.96 0.61
EG- 8 1.60 -0.48 -1.30 0.02 1.32
EG- 9 14.89 5.03 3.56 5.8 224
EG-10 3.79 1.08 0.29 1.46 1.17 -
EG-11° 3.55 -0.49 -1.11 -0.16 0.95
EG-12 7.61 3.23 2.26 3.59 1.33
EG-13 4.19 0.42 -0.45 0.74 1.19
EG-14 12.54 9.64 9.23 9.9 0.67
EG-15 7.05 4.58 3.59 5.13 1.54
EG-16 385 1.55 0.82 1.82 1.00
EG-17 2.19 0.20 -0.05 03 0.35
EG-18 36.10 33.60 3224 34.86 2.62
EG-19 10.15 9.05 8.17 9.81 1.10
EG-20 3.38 1.22 0.64 1.46 0.82
EG-21 1.20 -0.30 -0.41 -0.18 0.23
EG-22 16.95 14.38 14.24 14.52 0.28
EG-23 5.50 5.33 5.22 5.5 0.28
EG-24 3.86 1.72 131 1.95 0.64
EG-25 220 0.74 0.19 0.95 0.76
EG-26 39.45 29.02 26.22 31.25 5.03
EG-27 29.00 20.80 19.70 22.24 2.54
EG-28 5.89 4,99 4.57 532 0.75
EG-29’ 1.52 0.40 0.16 0.95 0.79
EG-30 3.73 1.29 0.53 1.96 1.43
EG-31’ 0.92 -0.33 -0.60 -0.09 0.51
EG-32 5.01 3.72 0.65 4.76 4.11
EG-33 1.90 . 0.22 -0.45 0.87 1.32
EG-34’ 8.71 3.66 2.66 4.33 1.67
EG-35 7.13 3.44 2.64 4.17 1.53
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# o RRRRRAVTRER » M BPiper RAE R
W BEBRRBB RIS RE LR ERS
— KRB (82117 ) FH#ERZPiper KR K
RERME2 - SEERIME2@FR - AOH
2 A OHKE A Piper K EREHE S 1 B
A EEG2TRAKERMRBBIES » HRE
HPICa(HCO;), REZ HHRZBHIT K - BE
ESME20)FTR -+ OHpz AOHAEM
FAPiper O RS HESE I @A > HARNOHKE
Rz D& > BRRLLCa(HCO,) . R EEHWK
WS LINaHCO, REZ HHHRZ BT K - Fiti&E
HomE20/mE  +eOHpz A AOHF - B
EG-3 » EG-6 » EG-10 » EG-13 » EG-17 » EG-21 »
EG-25 }:EG-33/KH i 5 Piper B A B 5 HE I 585 IV &L
W HBRAOHMCRE I RETEAN > HESE
IERE ' HRENVEZKERLINa,SO, - NaCl
RE  REWAGFHRIMTK - dHPiper KR
RETTHEEHWR T RERRA KR REHE
EERHEHESN  HF I EMEIE © T8
V& ; FREIE BICa(HCO,), RE » M KER L
NaHCO; » F¥ R LINaSO, J: NaCIREZAKHE
B - RBIVEZAOHN B HM T KT
& (mF3/R) - RFFE L0076 m; HEH
ZRERUASHEBRRPEH B » BEGL0
(0.29 m)XEG25 (0.19 m)BE T HS¥GFH » AIAE T
KEHEZ AR - ABRZBAEREREHE -
EAGRM RS REEE - BEE R
HEZE @ DB AH2EIARRKEENH
Collin Fo A BE LM E » AR RAB3ATR - Wi
BRSWE3@FTR » 604 » DIEG22k Rk T
W > HEE6 meq/LULT @ HAREMLCa
HCO, MR ¥ - BEEMIME3I®)FR » 1203
i BARRMET IR EEES meq/LRUT » SAHBIMEL
Ca-HCO;3 F;Na-HCO, B E - Wi E &R 5320 i 3(c)
FiR - 1703 - B2BMEFRBEAE10 mea/LRL B
# 2 S BNEF#F BEG6 » EG3 » EG10 » EG25 »
EG21 » EG13 » EG17 » baf;@ &k H 2 KEHR
PANa-CIRFRE » FARAZ HH 5 2L Ca-HCO ; Jt Na-
HCO, BRE - HCollin RAHERBE Z 247 > T
SRR AKEREFERERHBEAE S

R - BSMENKEMS > K E BB H Ca-HCO,
X > ¥R Na-HCO, B SECa-HCO, Bl » EWMHE
RMERMABRCEH  NEHRBETRESLR
AERBARLNa-CIRRE - TiRZIGHRCH - Rl
{1ANa-HCO, R B Ca-HCO, R E -

(a)

(b)

(c)

B 2. WIRBZSIR3S M T AH & Piper KA B R RE
(@ #ExE ©O #BEE © JKHE
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£ 4. WBTFET KT AESTRRE

fped it ) WitHE w
2 K &

BREN | 50X | K | B2% | RN | G545% | KK | §5%
pH <6.5 0] 0.0% 1 42% 2| 6.1% 3 4.4%
6.5~8.5 10 | 83.3% 23| 95.8% 28 | 84.83% 61| 88.4%
>8.5 2| 16.7% 0 0.0% 3 9.1% 5 7.3%
EC. <750 12 | 100.0% 24 | 100.0% 15 45.5% 51| 73.9%
=750 0| 0.0% 0{ 0.0% 18 | 54.5% 18| 26.1%
Cl- <175 12 | 100.0% 24 | 100.0% 17| 51.5% 53| 76.8%
=175 0| 0.0% 0l 0.0% 16| 48.5% 16 | 23.2%
80,2~ <200 12 | 100.0% 24 | 100.0% 25| 75.8% 61 | 88.4%
=200 ol 0.0% 0l 0.0% 81 242% 0} 0.0%
S.A.R. <6.0 12 | 100.0% 22| 91.7% 16 | 48.5% 50| 72.5%
=6.0 0] 00% 2 8.3% 17} 51.5% 19 27.5%
[C1)/[CO3+HCO;]{ 0~1 12 | 100.0% 24 | 100.0% 18 | 54.5% 54| 78.3%
1~2 0| 0.0% 0] 0.0% 2 6.1% 2 2.9%
2~5 0| 00% 0| 0.0% 2 6.1% 2 2.9%
5~10 0| 0.0% 0 00% 2|1 6.1% 2 2.9%
10~200 0| 0.0% 0| 0.0% 4 12.1% 4 5.8%
>200 0f 0.0% 0f 0.0% 51 15.1% 5 1.3%

Bf : E. C, ¢ mbo/cm; C1-FSO,2-, mg/L -

W2 IR it T A it R A 7S R A e
BT - 2EH884% 2K » pHENR6SESSZ
- STFAMERAKE BN > §17580.0% 2 A
pHIEAA7.0Z8.52 1 » R » SO &4
KU o £54.49% ARPHEE6.S » 7.3% K ipH
{HR18.5 » {HER T EG2TRHEH —RSH7{H9.01
MK A B NS0~ 9.04% » FTE R G2
PHES TR AMEAKE S ER - MEEEAR
£ ME MK A E BH750 4 mho/em:Z A » (8
BR6OHE 2 26.19 « AMTIE > KM TAERT
A MATRE » MAREZ SO H R F A
(745762 mPl T2 AR E -

R R AT S MR ACE BN 175 mg/L
A HRBR6OEZ232%  RHSRFARZ
A EMME RS A ABAR » AR
TAFHE » BEG3 » EG6 » EG10 ~ EG13 » EG
17 » EG21 » EG25KEG31%: /\ O3 » EG295k H 8
E.CERZ 4 47#81000 12 mho/cm » {E M EE
{#155:10 mg/L » AIAIRFGREACOH TR » HKRT
PSS - REAREA RA RGNS WA KR
#8200 mg/L2 7KKE » (SRR 11.696 » TREIAT
R TAkFHE » BSEG3 » EG6 » EG10FEG25%
OH  RAEAFHSENE - SWS 2N
AKE RN - SAREAE ME ML AKE N
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6.0 KBS 19 » LR Z27.5% » 19HEER
o s 2{EAIFS MBI ¢ 17TEALR M T ARHE » B
FHBETHZENR L EE  THESNE
XY [ (Base exchange reaction) 5 (17 18
19) o N/ RERE L (AR RS R A10200%
WEKEREE - SRR - (57.39% » 10-2002% %
BEW KIS GAERR 0 55.8% > BWE - b
ERBERKSRSBAEEEERR &5
2.9% « Dl REZHKE L AR AH ST
AREER?2 m FHE @ THHEZ ABE45.5%
RSAAREL WSS  RBEESEGHRH -
Rk FF BSEGI10 » EG3 » EG25 » EG13 » EG21 K
EG17%: -

B EREAE S e MR - TR
TEABEHTAKE  EHEEZAEBH
BT H—OH (BG30) pHERAES » T AEER
SERBESIHEESREAAB R EBBEZ
AREIE - DBEESRS.ARERT » BREETH
“EETHESEE > HERASBKBITHS
EEFAAKERYE  ERHEIKTAAES
¥ BAHKREETRARESBHBRES
AEAR R BEERY BT R EHE
BEA MU T AMBRAAR » YA R#A
T RS ECNERD - EHIF5 RURRA
R - BABES Lt Tk S TR
® L HHFHURESANSEEDTRLBER
7 LR K LR -

me% I

LT KA 5347 » MIRRRAL KR K 1 S
T AKGE=ZEREE R HY - TR RERERR
W H B /N R B AR R A SR B sk
UERBTE LF24ARBERTELES @ #
R KB HBEN  EEHENE
TEEREE -

2. EPiper FC /K B 45 #8 B 5z Collin FG 7 B8 K SR B 7T B
BEHNBTERSRBHCKERHEREER
HEAHESR » HEACa(HCO, ), £ ¥ (Piper 4
1 &) » MiXEESLINaHCO, B (SI®) »
R LINa, SO, K NaCIR ¥ (FVE) 2KkE

B - T AMREZ A » HABEZHWAE
Rz EAE -

3. A EAIE80.09%6 2 AKRPHE N 1A7.0E8.52 i »
RERYE - BFREFRGZPHEG RS M
Fi7kpH 5.0~9.0;Z K EEK -

4. EC{EA 14750 1 mho/em 7K #8 526.1%6 » $XBA
175 mg/Liz kAR 1523.29 » FRERENAf2200 mg
LZKEEE11.6%6 - ABTNE » ZEE T A
S » BARE AR T ARHE -

5.S.ARKIP6.0:Z KB 527.5% o Frh/DBie R
EEEE - i A S K S T Ak B
E °

6.H[C11,/[CO; +HCO; ) ¥ KT B » K
B S #&%REG6 » EG10 - EG3 » EG25 » EG13 » EG
21 » EGITEEMIT A » AR T AIHE -

ITHRBTFMBTAKE  E#HEREZKEHEE »
EREEZKERE  EOERAESARER
W ERBE T —ERE TS ER > R
HERIEAR F AR S BETNT » KAHKBRER
THEECHSERES  HFEETREREE
KB R RBAAR -

A& o
FRAXKBERBPAMERERTRERER
BB RER - REKEAYESEBEIR
B BB - FER - WEEE/NEEE BT
1§ » BBEHE WU -

7 BEUR

1LBEEARE » "EWMBERTARE, @ 8
WEARE > £16(1989) -

2ILER > "EM#@E#B"F#@E%Z%EWF
F. o ERABAREREEEMRIERAR
FFEEE(1991) -

BB - RERSN - BRERE > THWMETAZ
ABSBEKSEEWRBHE, » BT AHE
AFRAHFEEANGRIEL  PERRETE
BEORWEMANE - bt - 379K
(1992) -

48K - PR ILER - THBPFHETA
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BUH B EERR )  MTARESITRRT
THANGRXE  THRRIBEZ2AERE
wraT & GbT - 55679-689H(1992) -

5. 8%h%E - BEANE 0 T E MRS E RN
XE—RBHE )  EMRBUF R E
HwE(1991) -

6.EFRYE  TEMMESTRAHAE,  TE
BB R IE T < B KT oA W (1990) -

7ILEER  THMMMEM T AKERFT, c AW
RT2% - 0 $173~188FH(1992) -

SILEEZ > " WURRZS IR g R itk T M 6 b B it R K
BEXERAOEE, THRREIESE - §
42 0 ST $58-68H(1994) -
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