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Abstract

Isotopic and chemical analyses were performed on water samples collected from some
hot springs in Tatun Volcanic Group, Taiwan. The isotopic compositions (6D and §"0) of
the hot spring water samples show that they are practically of meteoric origin though some
are influenced by evaporation of water, whereas it is recognized that volcanic gas from
andesitic magma will contribute to the hot spring water of Beitou Thermal Valley. The
acidic hot spring water samples can be divided into two groups judging from relationship
between 8”S of SO, and Cl/SO, ratio. One group is characterized by high 8*S, Cl concentra-
tion and Cl/SO; ratio and the other group is distinguished by relatively low &”S, Cl concent-
ration and Cl/SO, ratio. The former is originated from magmatic hydrothermal fluid, and
the latter is of secondary source from the steam-heated thermal water of acidic-SO, type
derived from the magmatic hydrothermal fluid. The geographical distribution of Cl/SO,
ratio of acidic hot spring waters was derived from existing chemical data set and the map
indicates that there will be more than one outflow areas of the magmatic hydrothermal fluid
of acidic-CIl-SO; type around Beitou hot spring, on the east side of Mt. Cising, and also to the
east of Mt. Shamao. This view is in agreement with a diagnosis from conductivity distribu-
tion of the surface layer in this region by VLFE-MT survey.

Key words : Taiwan, Tatun Volcanic Group, Hot spring, Geochemistry, Sulfur isotope, CI/SO, ratio
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£ =

A - RIS KRN L, AL - RS 2o 72 KO%
EFRRAME (6D - °0) 55, WAKE, KOEROWEEZI=b08H5L00, B
FAKREITH % = £ AR SNA, IRBA OB AR 7= 5 OKIH 2D
FHAHD SN MO, SO, ORI (5"S), i1+ i, CUSO,
HATE ISE0 b oL, WIC 6°S, KL A A+ Vi, CI/SO AT E b ICfEn b D07k &
b 2 O AP L, M~ 7 HEBOKIRIC IR L, 22D 2 KIGIZE L
72 acidic-SO, A E D AIMBIBAD S 725 STV 5 LAVE S WAL
% J1T 0 72 K HEK L O 2B 0 CL/SO,L e B 534 70 B, ~ 77~ HEBAUKHE AR 113k
¥ % acidic-CL-SO, MK DV A LA RS, LR IEDA 53O 7 7% 5 DI IO %
FZHbZ ehmmpani., ZoORMIE, VLF-MT I X % REOBELIEE A4S O FRAT
TEPR—BL TV,

F—U— N G@E KEKLEE, R, WIS, mEFEAAE, Cl/SO.

1. BLC®IC

JUN E1ZIEFE CHAECTH 5 B3I E 4 GREVGAT 525, U & B KilttEoiR
I T KRS NI LAE L v, AB IS ALE 3 2 KA KILEES ZOREKTH D,
SR & M 5 B O Wi i - 72 1F Skm, MER 18km OFLE s NICdbd, B
, A, A, iz & 30 7 FioME»HEL, B CIREAMRITR Y72 ) ORREEAHRK
DHIRTHH L (A, 1989). TOHIZH o THRIZES ZiRGE, i, BHIL, #ilio 3R
HWTH Y, APl T AR EEORR THBIOMEH I L > THRAEIE L, B
IR ENTNBE I LIEIFEDLT LANIZZETHA. LTAD, HRENTENS DR HK
FHAMERZAFL L) &35 LBIMIESTIE R, EBICHMTHRAENIE Z 1T - 72 AWIZEE
OO HR (B ZIE, K 2006) ICX->TH7bENTVEILIIAINENS. LaL, HEF
DAV —=Fy FOERIZE T, BHHIIITICANS Z LDV TE LD 72 LIDPHREEL L TD
B TE5 L9 I2h 57 (Ezoe et al, 2002 ; Lin et al., 2003 ; Chen et al, 2005 ; Tomita et al., 2006 ;
Chen and Sung, 2009 ; Liu et al, 2011).

ZO LX) BIREREOM EICMAT, E5ICEERI LI, BE (PRpgk) & HAR GUERKR
) DEHEL TIro727—2 ¥ 3 v 7 (Taiwan-Japan Joint Workshop on Tatun-Kyushu Volcanic
Activity, March 19-20, 2012, Jiengshan Nature Center, Yangmingshan National Park, Taipei,
Taiwan) ORI, W TIED 7225, BEOWIZEE & ILH L TREXILEORREOFE% AT
I ENTE, A (HAAN) OBMRERIZOWTOMBSRENIZH L. 22T, RUZET
i, BHHHEREOREEZIRR TS E LB, FT TR MRS TT - 72 b5
Wi 7 — % OB R Z s 5.

2. WRBBOBEELHARSE

2.1 KEXLEBEOMEFZ

BB AL 3 2 KA LR (Fig. 1D &, Bz oBmBILERARNIZS ), BUEIZER
X - g e LTBOER R SED S Twb, ok, deflo4 kg & il omBmE (o
FNO W HGER, EEEAY ORI ([CHENAFERONESB X ORI ER S 220 DiEo
K% 5. KIWEZETIER 2HMAILEEH» A SN, RIBEOKELEOo0—2L LTLA
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KIWEO/NUTIAZT SN E. ZOKINEETOWEHE 2 KILITEENE 30 FHERE E T2, 20
e OTGE) K 22 IR AV T A (Wang and Chen, 1990). —75 T, Z O I3 E 27 Hi 2k
HENASH o THSAA ANEY VY ICHE T 2D EENTV LI L MESINTE Y (Lee et al,
2008 ; Ohba et al., 2010), 177 8 T4l (Chen and Lin, 2002) B X 0¥ 6 F4Ea1 (Belousov et al.,
2010) OB RON L% E, MAZOHBOS 7 EBHIEEZ TWrnEEZ LR TWS. &
7o, O LX) BiEHE 2T, HEBIN R RSB o HhBRY) BLAE N 2 BEIBT TR 253 4R 12 70 > TR
AL L <H Y (Konstantinou et al, 2007), KK T 2E=4 1) ¥ 7 LWSEDHALD 72D
Hi (FILAKE Y 7 =) 1ICKAKILEI A 57— 3 ~ (Taiwan Volcano Observatory at Tatun,
http : //tec.earth.sinica.edu.tw/volcano/) ASiXI.E N T35

W2, Weng (1985), :l[:ﬁ (1990), ZijE (2008) ’a’:’%% LT, Yo EBHREICHE T 516
MAEMLT 5. Bl X912, KIEKINEFIZIEGTE 2 B H 5 720, 1965 4F 12 BV I
BADGHIBE N, G581 ZIKO)Eitﬁ?E?b‘i‘E#lUéﬂt (HHFEVDDIF1510m THHEEINTWD).
ZORER, BT IZEL, RHO 2 ORISR ENTHA L, b ophifIiciz s s —~
YO BEESH Y, RBORERSIZ2000m THEH I LN, ZLT, KIADO T oA
EPNCHBGRIAR D Y, ZORRERT Vv VIZ00MW IZb 225 2 EAVHBH L2 JiAsE<T
o7z EinE L 293C TH - 7278, WEGAKD pH 252 LB TH - 72720, MFFEZ o X
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55 62 % (2013) B8 - KA LREO P R O HERAL 2 MR & i

I AR ERNRAST 2 HESRO2LT, KX CoOMBABRM S I BEXD L. £
z, ZOHEAERAFICIREE SN, RERESIEICSNZ LS, MBS END EET 2
Motz EICHARLTVWAEEbRTWA.

2.2 KEXIUFERRO{LZHVFE

KAVKINER I BGE B ANEIE 2 KINHUIE TH 5 7280, BETH B X1, EPZHAFEL,
JEBEH S &N TR -FIEICE ORI ATWS (Fig. 1). T2 Tld, #FEHl 7 il R
PRIMSNTWVBEE (2005) DOHIEL A= bOF—F 12k &, KUKILEERRE OLENE % R
~5.

Figure 2 1%, IRRKDOpH DL A NI AL THAH. pH2AY EpH6ANIZ2DODOE—7 % FD
NAB=FNAGA4%E LTEY, AROEBICHRONL5mE GRES, 2002) & —RFL &
I Z B, BEORREAICEELLE (60%) 2505 ehENERKRESRLR L. ZOMITIER
WCHEBETHLEEZON, BERREPNHICERLZDDTIRAWI EZRIELTWS EEbh
5.

Figure 3A 13, /b PHIRER K EDOMAE LN T 254 77 7 5 Th L. BikiisK (pH 4.0
FKiE L72) 2SRBAGHIRIC Ty PENAT LIZ LT MKE LT, PERAK (pH 50 BL
EE L7 BREFHOIRL O TEGFEHEIREBIZT S 42 {, REATHELKTH L Z EIZIEHIC
i 5. SAUENIIROM T ICHEIRDO Na-Cl EKOFAESZV L EBLRLTNT, 222TH
WHAETHZD 5 A4 TOBRERPORP RIS N 205722 & (Weng, 1985 5 ZHE, 2008) 12
SR 5b0LBbhs. ENFEETHL ETUL, BERRAFNENZSOTHY, FHERR
KIFZFNOEHICE PRSI L o THEAZE WS TREED HTL 228, 2070121, &8
M7 pH QIR AN DD ? Lo 2R IO E DD EDEZ T LERHA ). L
Ladss, MRS STIEOME 22 EELIRRTH S I LIRAMENILEVWEEZ 5.

Figure 3BIZEZEA 4+ VAR LB OTHY, 59 FTHHL, pH 40 K OBETEIRR K
WZIEHCO, BEFELBRVOT, CLSOBIZi->T7ry hE3NTwWa, Zhbl i, 2ZTHIZ

16

=47 g

12345678 9101
pH

Fig. 2 Histogram of pH of the hot spring water samples in Tatun
\olcanic Group, prepared by using data in Chen (2005).
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Na/1000 HCOs3

(0] ] A
fully equilibrated waters pH <40 — =50

Data from Chen (2005)

K/1 00 A + K B D CI
Gy Mg SO eY e of
MT Hs Low 4 C1/SQg4 —» High

Fig. 3 Relative Na, K and Mg contents (A), and relative Cl, SO, and HCO; contents (B) of hot
spring water samples in Tatun Volcanic Group, with the use of chemical data in Chen (2005).
Thick crosses are data points of the observed hot springs in this study.

DL DOIE, WA F ¥ EHLICE T Cl/SO D E W acidic-CLSO BIKE D b O EHTE v
BAETHILTHY, T EATERT 2RO L L TREIN TR HEIZNS (K
RS, 1988 1k, 2006). LT, ToOZ&id, AilOBERREIZ W LIBFEIS 2wk
MO BEOEATH L L EZ 5.

2.3 HHEOEME(LE - RLERT

2012 4E 3 H 20 HIZ, Fig. 11Z/RT 5 2o0iug, duizizgs (BT), il (HS), B (MT), Lt
B (CG), /B (BY) oBM#HE*IT-72. TOK, mHiRRKORE S pH 23 CHlE L,
L2 - RS OWRBRKRERNL 72, F72, SRR L LT, AE (BY) Liio/NIolk
&K (BYSU) #$#RELL 7.

AEKDILF AT TIE, EER S (Na, K, Mg, Ca, Cl, SO, HCO;, SiO,) O, BEEPEERE A
DWTIE IFe & Al OERIEZ 1572, Na, K, Mg, Ca, ZFe, Al, SiO. & ICP 3504 ¢, Cl
ESOA Ay 7ux b I 74 —=Tfio7z (Wb, =2—3—F ~ FGNS Science Limited
@ Wairakei Analytical Laboratory (23T The American Public Health Administration (APHA)
Volume on standard methods of water analysis 22nd Edition (2012) (Z#&8L L CTHEjiti). HCO; & 4.3
T FEETHM LT

REK DK DEEZFEM AL (8%0) % Aquaprep device % JH\ 72 25C 12 BT 5 AL ik 3% -1
XY, KokFEREMVAR (8D) 1 Eurovector Chrome HD elemental analyser % FH 27z 1100C
BT A®ICHEIZED, =2 —Y—5 >~ F GNS Science Limited @ Stable Isotope Laboratory {2
i @ Isoprime #1302 @ RN AR = AT EHNC & - TIT o 72, F 72, BaSO, & L 72K @ SO,
ETTH T RIVHT V0,12 & o TIEk - #=ye L, 2R L7z SO, % [H U < Stable Isotope Laboratory
45 @ GVI IsoPrime #L B OB W5 EA LTl Rk (8%S) 2l L7z, JERE,
3D & 30 DZFNENIZDOWT £2.0%, *0.2%, 8"SIE£05%ThH 5.
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3. WRLHR 28 cn4g
BBV TR L 2RO - FRARH D8R % Table 1 o
R L, B (2005 ©F — 5 (REH:4AT) 2o THEKL 2 Soegages
Fig 3A, Fig. 3B 122N 507 — ¥ 2 Tl & L7=. sREIEA 5w (i CX
ROk 15, MK 1), RAIIBEOWR &K E ) 295 2 5 FREI 725U £8=35383
T CTH 72T EDRENTVDLEEZ S, ot
3.1 KORFMCHHR Shbbbh
ISR DK DRI (8D vs. 8°0) ZHFEADZFN L & {12 Fig. 4
R, BN Liv ef al. (2011) 12388 S AT W 2 Y HR O KA % % -
L7278, AEERIL 72VE (BY) fHEOMFKIZITIZI OMD FIZHEK-
THY, Wl (HS), LR (CG), /M (BY) O&EMADMAZDOF e Sean
KBTI - THAI L, BAZREYE LTWD I EDRbhb. RIST=e
TR IR, LB (BT) OFAKIE KA, 5K E s
ZIEE~ 7= 25D KA A (Volcanic gas from andesitic magma) §:§gg:
NEFTY 7 ML, <7< HBURHARORAZ LI T02 I L 2RI LT
W R T AROFEA S LAk E KIS EM MT) 13, 5 Tosee

HEOD WAy b 7=V 5RNLZHRKTH ), AP O
R AR TEBIZR SN KOBIEORRTHIHTE 5.

3.2 BRERA # > OWEFGIAL & CUSO, DR

FEPEIRIR O SO T DWW TR MRS AR (87S) DMEMEIE, +2.1%
B +257%F TOMDIEVHEPHIZ D72 o 72 % R L7225 (Table 1),
Fig. 5128 &N 5 X 912, Cl/SO, DK X WIRRAKDE W 89S i & FFo
MCH 5. F7z, WEEZERIESEE CLIBEEORIZ DKL L TV 5,

Geochemical data of observed hot springs
Na(mg/L) K(mg/L) Mg(mg/L) Ca(mg/L) Allmg/L) ¥ Fe(mg/L) Climg/L) SO,(mg/L) HCO4(mg/L) SiO,(mg/L)

T BLHCOT, WHECHENZERYD 200 BeONETEE

FTERVA, Ll b SO +10%MHE I L TRIERE kDS 2 oo
HIITXZ)TH5. TspTTTT
Rye (2005) 7 &% B Z 123 UL, S*SMEDE SO, E~ 7 < O Bk -

KB o, BoKIZET 72 SO, (H.S0s) @ HEMALEITIUGIC & - T e
U (3H,SO0;—2H:SO:+ S+ H,0 & 5 1% 4H,SO; — 3H.SO. + H.S), Z D —
FC, SO SO T ZAEFUNMBAR O #oKIZEN, HS OMILIZL - T
HELBEENTWS (Fig 5NICPHE). TOEZZ5NHOT— 7 BfRIC
BT L, SSHEAE VIR KIE~ Z BRI AR, S D 25 Sh,
S AR VIR R AT ELMBIIBRKICHK T L L F ) e TEL. #
FIXHSEZELHOD SO HCl 2 KL 720, Cl/SOIZ/NEL %D

ClIEFE L <, KB acidic-SO. # & 7 5 25, #i#1d SO, % HCl % &t
KINAT ARG T 5720, Cl/SOMIERELRD, ClLIBEDLEL, KE
1Z acidic-Cl-SO 122 % £ 59 £ ) AL R D ¥ v 7 VIS T
ECHIMATH S, %8B, Liuetal (2011) &, +0.8%755 +78% DM D
fEZES SO & b - T 7 RIFEMEOPAGVLFFEINE L LTV 525,

WT(°C)

[Remarks] nm: not measured, na: not analyzed, sampling data: 20 March, 2012

Matsao 18
Cigu Bi%

Bayan /\{&

Hushan &1L
BYSU _ Stream at Bayan /\fER7K

BT

MT
CG
BY
HS

Sample No. Location name
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evaporation trend Seawater

oL (slope=3)
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8\/ GroundwaterBYSU MT Volcanic gas
-20["in study area __ Jfom
D - ﬂBTI_' - andesitic magma
40 - Meteoric water line

of Tatun Volcanic Group

[Liulet al., 20|1 17 6 ID=(9.3"_‘|1 2)6 ‘BP+(27iI8) | |

]
-8 -4

0 4
S 180 (%)

Fig. 4 Plot of 6D vs. 60 of the collected hot spring and stream water samples in this study
area. Meteoric water line of Tatun Volcanic Group is cited from Liu et al. (2011). A range
shown as “Groundwater in study area” is estimated from data points BYSU, HS and CG.

Mixing with steam-heated SO4
from oxidation of H2S

Steam-heated Magmatic hydrothermal s ¥
S04 S04 2%
SO4 gxchange ,T g
H2S oxidation ~ WithH2 SO disproportionation S
< > < 3 5
10 T | | | | | 1T o
o
< BT
Q 1+ G, A
7)) CIY T 2480
~ BY, -
—_— LT~ 406
QO 01F -
?° 69
001F MT
[CI(mg/L)]=4.7 | I | I I
0.001 0 10 20 30

034S-504 (%0)

Fig. 5 Relation between 6*S of SO, and CI/SO, ratio with data of CI” concentration of the
acidic hot spring waters sampled in this study. Explanations in the margin for §*S value
ranges of SO, in a typical volcanic hydrothermal environment are referred to Rye (2005).
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CNEBBTHDL EERS.

3.3 CVSO, ltDIBEI >0

HIME (3.2) OikmD T LOOXA%E Fig. 6 123 L7z, RAKD ClI/SO LD KRAHDHHTOH T I
BHHRBEHKOEEZ RTIHIEO VO TH B EHRERDTONLDT, 2 TIEZ OIS
fizMat L Chb I L9 4. Fig 7TA 1, KiLKILEINE >~ & — (CRALKILEEE) oxr 71 v
M BRI L 72 HIEK 12, pH 4.0 RimDiE KD ClI/SO b ofiz o kX 8TRLTTa Y b
L72bDTH5. CI/SOMNS TISEWHERRDS T L T THMiT 52 THBEBAET L &
BRTENS. T2, TR XD EHICKRE R Cl/SO L FFOBMER A OA E, &L
FAET 255, Liu et al. (2011) 12 XAUFKFE - BRFEZE FAARIE 2 & WL TR DR AATED H b
ZED5, acidic-SO MBI & HEKDTRET H T LI L o TEFOMAEW Cl/SO LT TWS &
EAbND.

Figure 7B 1%, Fig. 7A & Cl/SO, D53 iK% SFERFER L2 b O TH S (ERICIZHAR T 7
T &)V (k) @ DeltaGraph Z ). LW T 5 2 v 7 = GEERRK) 1, M TFKEFR
SR FEUKERIE 2 LIS LTV SN, F— IS O T IZBT 2R H A (HIEZR)
AACERICHERE L TW5, HD 0L, 200 OFMEEAMERIICZEL L Tw L 2 L AER ORI
Sl s, ARHITIIH T OSBRI GTEE LTV B2 25000V T, 20Ty sy —
B (Fig. 7B) 135 H00 Y 2 EBIHETIZ R WA S L awds, 2L &b EDBY I Cl/SO,
OB CEERRAPFAET 202 HEMICELZ2RTLTELE ) HWICIIMEZ 5 THA ). Fig
TB O BRASEIROME 2 T35, (1) defeiliig & (2) BRNEDE»SHM, Znsiami<T (3)
IO K C/SODF ALY THHEZ (B ) TR, WY 7HHFEL RSL L)1

H2S — H2S04 /{ f
[acidic-SO4 ’///&,5&,
-7 &P |
A & !
2 H2S, é‘@é‘ /l
hot spring water =ik /
of acidic-SO4 type ! | steam from /
low- 5345 SO5 — H2SO4 i i boiling fluid //
low-Cl/SO4 <disproportionation, = /
low-Cl conc. [acidic-CI-SO4]¢” magmatic Pre
hydrothermal -4~
fluid
hot spring water _HCI, SO2
of acidic-CI-SO4 type
high- &3S .
high-Cl/504 magmatic gas
high-Cl conc.

Fig. 6 A conceptual model of formation mechanism of acidic hot spring
waters in Tatun Volcanic Group from an examination of the relation
between 6*S of SO. and CI/SQ. ratio.

289



KIRAE =, FWEAF, 923N, RES, B, gtlfek MR

25.12 N |
121.5E 1216 E

Fig. 7 Geographical distribution (A) and a contour map (B) of CI/SQ. ratio of acidic hot spring
waters in Tatun Volcanic Group through the use of data reported by Chen (2005). The original
map of (A) is cited from the leaflet of Taiwan Volcano Observatory at Tatun. Hot springs showing
relatively large CI/SO. ratios distributed near the coast in the northeast of Tatun Volcanic Group,
shown at the upper right of (A), may be influenced by seawater. For detail, see text.
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RG22 L7z), ZO; YIS acidic-Cl-SO, BIKE O~ 7 < PEKHARI T L TETnwh &
RorzehnTcEr).

VLE-MT 12 & % #EOBXRAZSEEHAARAAIC L L, K kILEEOHTH B R IL o Ry
SKINEDTARD L3 L, #EICKR 2 ool omE s - kiR, B XL OAe o Xt
WKIEA > TWAH EIICRZTWDE EENTWD (#1115, 2010). Figure 7B 2N T b LA
ST &AL DM A5 8 Cl/SO. DA ViE, < 7 < EBKRFEAEICH¥ET 5 acidic-Cl-SO, B
MR AKDOHTHENFIE T2 D D0d Lk,

4. B bH YIS

BTl d - 7228, B - KiRKILELZF N, RENREREHFAEL, I 2ZRR KDL
2o WNARGHT AT o 72, o NoF— 7 2O ERILFZENT S UTOZ L2 5002 L
72, (1) KOZZERMARME (3D - §%0) 45, RAKIE, KOEFEOMEEZTLO0H Db
OO, BRRKEFRTH 2 I EAVREI NIz, MBS OERKICILINEE Y 706 0KIl
HADFEGHHD SNz (2) BIEORRICIE, SO OWMEFMAL (8%S), LW A + » ik,
CI/SOE e bIZEWb DL, W2 S, HALW A + ViEE, Cl/SO A L I DDA 7 <
D 2HFHOMBANFIEL, WEIE~ 7 < HBoKmRICHR L, BHIEZND2S 2 RIET
acidic-SO R E D RMBRIBOK N 5B 725 ENTWAH I EAURENL. 51T, {LHEIHT DL
BE (B, 2005) % V72 PEER  CL/SO LD PR 54 20 6, ~ 7 < PEBURIARIC kT 5
acidic-C1-SO, B BUR Ot 23 b igimsn, ERINEL 2 SHMD ) 7 742 5 IO 12H 5
CEMRBENS. FLT, ZOMRIEE VLEMT 12X 32 £BOBRZLESMRE,»SESNS
A (BEILS, 2010) EEEATH DI LAHhoTz.

WRBRICHEN TE A B 5BOMEREZL L THEL 2 EiZLzv. —oHIE, HHisofR4e
TIZDWT SO, DI FAMLARLE (87S) o7 — % % AF- L, Cl/SO, Lt & [k 7 Hi BRI 754 % Wit L C
HbIETHA. Cl/SO L SO BIHIEBERAGAET B O & v ) BROFI L & 112, X
DN B ORI CTH S S O4AIE ED L ) I EicFEh, Cl/SOLtnd o —5#T 5
Dh, HHVWIRZLONEMY 2. SO HIE, BUROEEICET AR E R 5155
ETHBH. BOEMEOREKISEN TR CEEEOH L LN, RS 4 > (SO0 &k
(H.0) OB O EF R AL -T2 HI E Lzd o L7 { (Cortecci, 1974), % fli - THIKD
WTICBT2HERF L, MBS %KD, Cl/SO LR S SHEND DL LD X ) icxtitsh
LR THI, D LEOENEDIE, M/NEO BRSSP T O KP4 (Konstantinou
et al, 2007 ; FHARS, 2011) L OMATHTEEE 2 Y, KEKILBEOH TIZBU % ko5
REFHEFLICERL, 22, ZNOOMTZ X VFEMICHET S22 ENTELLHIILLTHA
9.

E- i

B RINARIHT 12 Stable Isotope Laboratory, GNS Science Limited (=2 —3Y—5 > F) T, %
72K DAL T D —#R1E Wairakei Analytical Laboratory, GNS Science Limited (=2 —3Y—
7Y F) Tirbhiz, 7oA ) ENE (HCO: ®0#) TRERIPERIC, BHATIIETR
(Qiao Yu Zhan) KiZiiiviz72wiz. BEAOEGGIIIEREEET 5 ETHRRE 2 w272
Wie, REIFROTH O —HIIE, BOTATBOE A H AR SRR S RS2 e i Bh 4 - bt i A
(B), Wr7eifEFE 5 @ 21403003 (WF7eftzd @ #lER) w7z, 2 2 TRMRSAICIEH T L -
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7%,

5| F3CHEk

WA —, AOUEAE, A AR (2002) @ HASIEIS B 2 KILE L OB T K54 4 7 v
RSk, 15, 103-111.

American Public Health Administration (2012) APHA Volume on standard methods of water
analysis, 22nd Edition.
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