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& BRI AEERES, REMEBHABLERFEG~010, Ky BERTE
B RRARED CBRTE B, /2 M9SSEFRES, HELETEBMK, &1,
O, W, NTRER. 8. LI5EMPRAMEZ KE. B ETE LA R FRE
B, EENTHMEZINEE, BRAERTRPEYEEGEELD.

1 AHmRFRXa PR ZIHAERERE
- Table 1.. The names of the lakes inthis study and their altitudes.
# & BHR (AR | & BE (AR
Lake name Altitude (m) ) Lake name | Altitude ¢m)
gk #®¥W 1230 [ #£E BAL 2770
Tx M S 1140 i g 2790
B o 1850 E B 1100
g B E# 1670 + B W 2800
1 S ' 13520 W BB W - 3310
R ORE W 2900 EOOW 2290
: Ll 5 2850 REEM 2290 .
b , 75 Iy 3 ‘2150
B W 2100
BRE A AW 2040

= HHEFE

FERREI U HIl Z N RIS SN E K2 B E. oHE, BERSHEARMES. 57
B100miKEE, MA—ETHI%RREER, LB 5Falchlorophyll a )AL BUBER T 4%
g2 (pheophytin), TH/ELL0.45pmIBfE(millipore) i Y, WL TIKEFE,BHEXEE,
SRR AL A BB N AR 2500 A BB, IR RO EER, HEXR
EXEMVIRE/ RERROOZ IR, FHESHTROTE, HURRSERZIER.

ME T, '

SBEF. T LIORION model 250A pH meter5Y.S.I. model 58 D.O.meterZBSE
T E

VSR, DIBEAEMN(Y.S. [.model 58 D.O. meter) MZMBBEMESHEE. &H
N, DN B M, TR R AR B

EEBERE, L0.45pm RERREZ B, H#TTHMTITAE.

BWE, 7EEE5CT, bBasic Model DCM—3/Digital Conductivity meterflii &,

BAE. DIGranmii s uEn, . '

FEET. SO0i*, Cl°, C;HsCOO~, Ca*2, Mg*2, K*, Na*, NHILI®E T = 37X
(Dionex 2000i) M, '

ERDGWE. UESIEASE(Flow lnjection Analysis), Zr#f K NO3
NO3;. PO33, S5i0,, . o

BEESR. GRAZEEHNSETPREMNSFL— P WRELER, UBENEEE
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%#ﬁi%&ﬁﬂ“?ﬁﬁoﬁﬁ%ﬁ%ﬂ‘ﬁAgv AI:Cds Co, Cu, Fe, Hg, Mn, Ni, Pb,
Zﬂ%:‘_i“lﬁo

nhigEa, UALAEEUGECHELE, N00% 2 WEHZEREE LA GKa, AN
R ERET 4CHKETR20 M, EEREE, TB. B, MERLEBEE
TURNER DESIGNS Model 100—05 RFIvorometer il ¥ 5648, jn@ﬁ&{tj‘.ﬁyﬂﬂ
B, ZHREHEEARNRKBH SR GRETRBEIWRE,

' SRz R B DINIST (National Institute of Science and Technology FiKF
ERA(Environmental Resource Associate) potable waterifiERZinEHEIE, WEY

NTF10%, BARSTITHEZTE,

=, ERERH®

1 EBHERESR

KRB RRE R RN RIEYR, B2 NBWET. BEGELY:.
| CAlkY = (HCO37 +2¢CO5* 3+ COH I - (H*J
KB Zimmer manfiHarvey CONMIRIE, $MIERIRER RO

: A % 0~0.05meq/1
+ 0.05~<0.2meq/l
1 0.2~<0.5meq/l
:0.5~<1.0meq/1
t1.0~<2.0meq/1
1 =2,0meq/!}

KA BB, AEHR 120, HHsAWE, &R ME. DHBKHE.
AR, G, LIESRKHPE, BTARYESTI5Y%, BEWESET %, C AME
HT14%, DEMESTITY%, ERMELT2Y%, FRWEET28%(E2), HERE,
& WKW AWENBWEASZEWESH. BFD. E. FRMHE, RAT68%, FILpH
TR AL M R A A B I =,

LR6SY W, KEESEEW(E 1), HFREEE RIS K23, PRHE KEH
A, FEKEREURBETFERMERSZE; B, —uiddEgmmmsRbk
th, PHIEBFEAE. £k, REWERKTEZHRWORL. TRERE, BFA. B,
CERMIYIRE, SHTETL, —RETFIHREIEE K WBIEE, B4R £57E 1,000
%Rutm&ﬁm‘ﬁmmmoﬁ%ﬁ%k&%ﬂmﬁwﬁmﬁWﬁ%%ﬁﬁﬁmﬁﬁ@;
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I FRTT B B M TE R B S C10~245 16173

&7, DHEEEBERRIE KA ERE), ARSI o — BBk 2 1652 BRI B K 44
R, EREAEERNE, SERRRFLERL, WEZKESEARRE. Hit
BRHEUNE, L DWROWENESRERN. AT, EEPERELWERFLZTE,

moOw
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Table 2. Classification of the lakes or reservoirs
according to alkalinity
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Fig. 1 Regions of different rocks and the alkalinity
' of lakes and reservoirs in Taiwan.
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PR AR FATURE AR, pHERW T, WwHmg, FTAEVEAZH ¥as BE. Bt
AEEREN E. FEAARGHE, k& hEyREaER, WIERERLREML T L
BoHESM ERU BRI ES EARITRUNIE, MEISEZ A,

F—ARIEE TR, M AREYE RS ER B yRET BTN AR —BR
ER—RL BT YWRATR, HETZEYEFNSE AEREMARTRE MERE
NEAFE AR P BN ER AR KR, MEBTEWH AR, PHKESE, BRBREE
HIR e RILERILEMH R A RN FYRE, WlBESELE L.

ZHREBCRFRAER F 2 PR, AT SN R A PR X AR BT I AR A S, AR
E3EirE{k (normalized total alkalinity ,NTA) {2 HEREE(1076) = BB (uS/cm)
/1517002 SN, SREBSHHEE, RN ARNEERELERFEIx 1078 BR% s,
HERRRERBENHNRERES Y, WHEENTARNBAE TRE A%, B2 IXH
BRE, ZHENTANZEMARTTY, DIUW%?KWWTEﬁ'%;ﬁ@ﬂKD DU RE, RNRERAE
MR 2T MENTAZ MRS ERRRELR, BRAKE 488 BES AKX, R, &
BERTEAM, BUKE. BEKE, SFNUEEY. REALEE., BESAREMNRER/NLY
TAMBHNTA, EEMER, EENETHEFRAENAS, MAREL THETERET,
MR BT H EWARE A . :

EE T R OW OE M H z NTA Kk B &

Table. 3 ' Values of NTA at different times for the
lakes and reservoirs

W = H # ' Alk Conduc NTA

Lake or res. Y/M/D pH ’ meq./1 . wS/em peg/1

&l B g W 1987/3/19 4.72 1 0.016 59 0.4

1987/7/18 4.52 nd 41 nd

1990/3 4.39 . nd — nd

1992/3/17 4.66 0.001 . 38 nd

1993/4/23 5.80 0.015° 36 0.6

g 5 A M 1987/3/20 6.20 0.041 104 0.6

1987/7/14 6,57 0.054 92 0.9

1992/2/15 — 0.021 78 0.4

1993/4/22 5.14 0.005 90 0.08

B s ok JE 1987/3 7.44 0.417 115 5.5

1987/7 . 7.67 0.248 103 : 3.7

1993/4 . 7.46 0.27 105 3.9

1R A I 1987/3 . 6.39 0.342 78 6.7

1987/7 7.55 0.266 76 5.3

1993/4 8.02 ‘ 0.22 71 . 4.7

HE OB 1986/7/5° 7.86 0.431 115 5.7
1987/7/15 7.31 0.379 172 3.3

1992/1/14 — 0.718 144 7.6

1993/4/25 - 0.600 117 7.8
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# 2 H i Alk Condue NTA

Lake or res. Y/M/D pH meq./1 wSfem Beq/1

B Moo 1987/6 5.87 0.014 1 2.0

1993/4 8.15 0.663 86 11.7

* 3 1986/7/8 8.44 0.856 120 10.8

1987/7/15 7.58 0.703 116 9,2

1992/2/15 — 0.690- 113 9.3

O H 1986/7/7 6.02 0.074 19 5.9

1987/7/15 6.01 0.034 17 3.0

1992/2/15 — 0.104 21 7.5

HE AIIKE 1985/9/19 8.56 0.920 139 10.0

1986/7/9 8.12 0.965 145 10.1

1389/8 8.52 0.928 — —

1992/2/16 8.09 1.119 173 9.8

HH &% W 1937/6/30 6.07 0.091 21 6.6

1932/1/7 6.08 0.049 13 5.7

Sk EE 1985/9/19 8.57 0.730 115 9.6

1986/3/20 7.42 1.073 193 8.4

1986/7/9 8.24 0.674 111 9.2

1992/2/16 — 1.650 260 9.6

R MEAE 1985/9/19 9.00 1.340 175 11.6

1986/3/20 8.22 1.205 181 9.6

1986/7/9 8.57 1.407 175 12.2

1992/2/17 — 1.452 194 11.4

=L K R 1985/9/19 9.07 1.360 200 10.3

1986/3/12 8.05 1.371 200 0.4

1986/7/10 8.57 1.284 175 11.1

1992/1/9 7.19 0-909 129 10.7

A o oo 1987/3/10 7.22 0.084 27 4.7

1992/2/17 6.24 0.087 i5 8.8

H A & 1985/8/19 8.36 2.140 330 5.8

1886/3/21 8.59 2.472 367 10.2

1986/7/11 8.14 2.075 303 10.4

1992/2/18 8.51 2.391 356 10.2

J7 Fe Ak 1985/9/19 9.03 1.820 210 13.1

1986/8/21 7.73 2.917 380 11.6

1986/7/10 8.28 1.920 255 11.4

1987/8/11 8.42 2.925 371 12.0

1992/2/18 7.94 2.545 300 12.9

X5 1987/3/11 5.90 0.013 2.2

1821/7/75 5.84 0.014 5.3
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i £ H w o AIK ConduC NTA
Lake or reS Y/M/D . pH meq. /I uSfem ueq_/I
2 & 1985/9/19 7.38 0.390' 61 9.7
1986/3/21 8.89 0.202 54 5.7

1986/7/10 6.25 0.330 53 9.1

1987/3/12 8.91 0.380 61 9.5

1991/7/26 8.25 0.105 28 5.7

1992/2/18 —_ 0.156 44 5ed

2HE 1988/8/10 7.45 0.652 95 10.4
1992/2/29 | 6.26 0.287 44 9.9

* 2 i 1988/6/10 7.48 1.041 144 11.0
1992/3/1 7.83 1.165 83 21.3

mX EEKE 1985/9/19 8.20 2.330 340 10.4
1986/3/6 8.50 ' 2.746 360 11.6

1992/2/13 — 2.383 350 10.3

 wWE OB EH 1986/10/1 7.36 2.881 387 _ 11.3
1981/11/1 7.94 3.711 427 13.2

£ 0 1986/3 5.90 0.014 15.0 1.4
1892/12 7.33 0.136 14.3 © 14.4

BRE B LW 1988/11/8 6.48 0.030 88 0.5
1989/4/26 6.80 0.066 89 1.1

1990/4/3 6.92 — 35 —

1992/3/9 5.74 0. 007 38 0.3

ZZE® . 1936/6/6 7.87 2.380 330 10.9
1592/3/% 8.27 2.078 - 389 8.1

BE 84X 1986/7/5 6.47 0.285 54 3.0
1991/7/23 6.38 0.234 42 8.5

1892/2/13 — 0.434 101 6.5

xR A EH 1983/9/27 6.11 — — —
1987/11/1 6.88 nd 29 rd

1990/12/8 G.12 0.191 30 9.7

1992/2/5 — 0.311 57 2.3

{43 7K iR SO N K3 IR FTIRIE (SO orcessy) AINTAFEE (B 2 ), AT BLT i BIHT
BRI (L) s RB S (SOucorcesa) HR, B EBR, BN AW, Ffr R, &
G ARDEBZSOseroes nNTAF FHIR, BRXFYKBILTETREFH,
HAWEBES N FE, FiRREERANERER, BRARENEFLE—2NT

3.3 MEESE |
X2, AFARESRAE, WHEHE A, Al, C4, Co, Cu,Fe,He, Ma,
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SOJ(O) NTA(@) SO0) NTA(S)
0.20 1.0 0.5 : 15
/ wAH '_ oL g |
('D\
0.15 F 10.5 0.4 | \o 410
' =
o ' P
0.10 T N W 0.0 0.3 — ' 5
0.4 ; . . 10 0.10 — ‘ 10
' kA o2
03 F O 15 0.05 F ' 45
| \5:::5 o (76.4)
e
0.2 L ! 0 0.00 ! L ! 0
020 T T T 10 . T 15
MEAkE | ALt
— ] 0.02 | o ;
a
0.15 - % 15 - @74 110
' i ] 0.01 | o ;
0.10 L 0 ' ' 5
0.10 — : 10
] R
0.05 + <>G 45

0.00 : : 0

B2 HAW. Bk, BERKE, B850, 228, HEEGE
RIEANBHZNTARSO  (xanyELE
Fig. 2 Variations of NTA and SO,(.ee in Lovers Lake,
Hsin-Shan Reservoir, Nuannuan Reservoir, Yuen-YVang Lake,
Lung-Rung Lake, Carp Lake and Little Ghost Lake.

Ni, Pb, Zaf110i( 4 ), fAWIMpHME 12 W B 5, WHETESR ‘E%
B 3 A 0 e AR, ERBANEHESE LESB2BAR NS, R4 HEZELSES

;;:xi,;d Cu, ie&Hg, Mn, Pb, Zo) S50 & W 28T ) WL AR AR u&‘i‘dhﬂ?’fﬁﬁ
KIHRAE, MAIS RS, 124 ) PR 4.2 & BR M HEW G (EEC) % E200ug/! ik ais
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Brt G EHIR 120N . W
Wk, 85, LESMKERAE, SNRSRTAD, BRERMERROH. B, K45
T20%. WEH. BREHTEHERZSIL. wELHEE, RERELBAE., BEUE
Wik, SEEHEALY, RZTRNANNEREHE —&T. DHZHE, HERAFRLT
B, FWAZREZED. | -

A FANTASCH B BERI T, BRBR, 20 WES, BHZINTARSRRE — E.
R (I A M. BUOKEE, BEAE, HMEEW. RAKSE., SEGaBEURAR
MR T APEIONTARAS /MNER, BRIBEHE; HPREFAN. HTR £ ¥, €%
B L5 5 7 /N L0 B BRAL T B S R T R A 2%

PO H]
AWHLEWEKR L2 B 21
{H(maximun permissible level) Z¥r¥E,
% 4 H ok E LB S EB %
 Table 4. Contents of heavy metals in lake water
oEH & I
) Item (Heavy metals)
pH
i & Ag Al Cd Co Cu Fe Hg Mn Ni Ph Za
Lake - pg/1
#F 4 # 5.80 0.16 157,72 0.27 -0.15 3.31  41.50 nd - 11.78 0.44 2.54  23.11
© & W X #|7.52]  0.25  37.70  0.19 0.16 8.67 156.52 md = 2.34 6.57 1.44  14.94
X B ik 6.77 nd 5.36  0.25 0.04 3.25 36,32 nd 0.80 G.00 0.62  .6.81
3| @WEEML 5.82) 1.02 2.44  0.88 0.10 4.97  20.97 nd 12.84  1.60  0.99  13.84
—F8EiE {7.15)  0.08  1¢.32  0.16  0.12  3.22  28.01 " nd 0.70  0.00° 0.66 7.22
3|4 A ¥ |5.14 nd 89.72  0.82 1.17 5.71 194,97 nd 121,81 2.70 2.16  21.70- .
BIIAKEE |7.48]  0.04 5.90 0.49 0.04 2.89  33.08 nd 1.46  1.33  0.59 7.26
B | BEKFR 8.02  nd 6.59 0.17 0.10 2.48  33.8¢ nd 1.29  0.57 0.69  19.34
gle 3 (2.15] 0.66  52.17  0.07  0.05 3.76  74.75 nd 2.16  0.00 0.67  11.63
=4 7 ¥ [8.200  nd 22.53  0.03 - 0.08 2.90  41.24 nd 0.44  0.00  0.47 2.73
&l x . i|7.33 nd 17.80 0.3 0.17 22.60  21.18 nd 20,45 1.26 .3.52  29.99
HEHB(E)E.15 nd 60.44 0.14 0.37 12.64 142.74 nd 17.7¢ 1,05 "'3.94  28.96
# BB E.18 nd 48,10 0.10 0.15 8.59 . 27.74 ad . 12.86 1.19 1.87  19.20
mEEA., S, W . , '
. ~ 50 —_ . — 30 — 3 50 — 7100 . 500
M. EXERE
Zv Wy THA6.0 7 :
Ju. ¥, B, OB~ 50 — 10— 30 - 2. 50 — 100 500
ko BB O#E9S.
R 6.0
adbsiL R K ‘
: o ~ 50 — 100 — 1000 300 — 300 — 100 5000
K’ OB E g o .
W, % "

SAME. £ITHR 6 MHE. DMK 5 4 B F. D



22 B ¥ W W Em #® | 19954

AEQREHZ LM MHESREBREAFIREL N, TP HAMZoHM & 15 &
4 B2 BV SC AR A

gl ABUER ERUERTTIEA R, RS, WEEDIREBAR
A7, BERMPHRTWRSLLRLMRERAT. KO ETFRE. BEL. B4
BRFLH, ER—IEH. - |

[1) EMAHA. HREE, SIC0HE, BRE. MR, K, 1992, TERAREZHEL
CNTFEEBE T RN EIL S, 64~69T,
[2] &3, 1987, &R, AEHMEEVEI, S5iEK.
(3] REESHHES, 1987, EHBEKBRWIAR XRRAKERLEE, THERIELEERER
' F R _ . .
[4] HEESRME, 1980, GEBRKMRMN, HEZEAT, FNE, HHM, 4128—434
o
(5] BRfAsY,1988, MR KRB KZYEb N FESSEE, BxfURERERR
PRFHLHI, 1087,
(6] BREAR, 1988, RABIREMHBER —BRE(—), KR, 18, 94~96T0,
(7] BRER, 1988, BRESREMFEE R —BT(D), KER,H19H, 98~100M,
(8] BREAZR, 1988, BEASKENFEGE —RW(Z), KER,FE208, 98~101T,
[9]) BRELZR, 1988, BEARRENIEFL—BE , KERK, B21, 100~104K,
(10] BREEZR, YEEZES5 T, 1988, SEMRMFERAREBEZTE,. SRk, B
K EHETREREREFE S, #1317,
[11) BREASUESE, 1990, A MK RETREEEEHRT MTEC) —RENA S
 HRABERZER, TERRERFESESIREEFRBTEHLTR TS K )
&, 3T,
{12] BREEAR. BHEESXISCH, 1991, 8 B R B ERERE AR M FE(O) —R
WX EEEHRKER IR R, B IR e MR R RIS S+
=B, #3837, |
£13] BREAR. BHMEESXIH, 1991, 3B XKRENBAE LR WFE) —R
WHEBEAKER LERAEHZHR, TREFERPESSSEEFREEEH
BRI RIS L4, F156~1740. ' -
(14] BREZR. EEE5HE4, 1991, &R KEIR, KERK, 2318, 110~113
T, '
(15 BREEAR, $RE. U, 1991, KERBRBEIFREGG/ FERBR ERET
W, EAIESTTELST, FHE, 13210 .
(16 PRELAR, 1992, AREESSERAERGHERZTIX—TFECIBEYEEERK
MR Z BTG, THEFEAPESELTIR T HRRE, K397,




2 & o K WO KAt 2 Wy 23

17. BREAZR, 1993, AWM & B ARKEGYMZIG, TEEF AR B RE LTI
EkE, L5610, '

18. FRELE, 1993, & BBRFEES AW, H51H, LI19TI,

19, Chen, C. T., and Hung, J. J., 1987, Acid rain and lake azidification in Taiwan,
Proceedings of the National Science Council Part A: Physical Science and
Engineering, 11(6),436—442. »

20. Zimmerman, A. P., and Harvey, H. H., 1978-1979, Final report on sensitivity
to acidification of waters of Ontario and neighboring states, Univ. of Ontario,

136.

ACIDIFICATION OF LAKES AND
RESERVOIRS IN TAIWAN

Bing-Jye, Wang and Chen-Tung Arthur Chen
(Institute of Marine Geology, National Sun Yat-Sen University,

Kaohsiung, Taiwan)
' Abs_fract

This research focuses on understanding the influence of acid rain on {akes in
Taiwan. Our purpose is to document the extent of lake acidification and the rele-
ase of Al at various pH levels. Over 120 lakes and reservoirs in Taiwan, 3 in
Penghu, 6 in Kingman, 5 in Matsu, and several in Hsialiuchiu, Lutao and Lanyu
have been investigated in the past few years. About 209 lakes with low alkalinity
are more threatened by the acid rain. These are mostly alpine and subalpine
lakes or are located near the Tatun and Keelong volcano groups. The NTA. (norma-
tized total alkalinity)is an acidification index for iakes. The decrease of the NTA
for Lovers Lake, Hsin-shan Res., Nuannuan Res., Yuen-Yang Lake, Lung-Rung
Lake, Carp Lake (Hua Lien County) and Little Ghost Lalke suggested acidification.
The acidification of Lovers Lake, Yuen-Yang Lake, Carp Lake and Little Ghost
Lake were probably related to the acid rain. The other lakes NTA mostly remai-
ned constant. Heavy metal concentrations in 12 lakes were within the limit set by
EPA. The Lovers Lake has lower pH but Higher Heavy metal concentrations than
the other lakes. o '

Key words: acid rain, lake, reservoir, alkalinity, heavy metals, pH, Taiwan



