ERREITHEH KBMEEZ

HE

ERHmA—RAN L ER CLERAFAAEREHLSRENE GBI L TH LR
BEABOFFZE AV BEHAOEHE - b 1960 FRZAXER > EWEFEHKRZ 45
EREL ABREERNAINEA LG 120 £FHBAAEAK -  dAFHLZIRE
EAEWERTEARZABUAFPEBRAE ) ARLARSOEMBERITE -

AR K RAEBA 1960-1970 FK > AR SHHEBANE > BHKFLEIAEER
TE—FHEAEEREAZIAZTET S pERE - BRE Bk FRPHREEZIR
FROMPERKATEZMBERAKSAZIYBYE o

M43 : R Ry ST AR

pll]

Al

BHRE—HEEBNER  EXEEHR
AREMVEIR R ZREBREFE
JEPI R R AL  ETHEENW
PUSBEE[1] - TE1960FERZRBHE » BE
R R [2-6] ~ BEYI[8,9] » B E[10]% W HEER
BHRER - REBITRBZIAREH &
MEIERER > KA H19204E NG #
Hk o WE—SZHEFREMBRILKLZ
EWEHES)2-5] HEMBRIRERESN
6 MRl b B AT AR (4] 0 RIBL AR S AR L2 B
RIFEZER - HAREI197SFEZHEN1]H
BHARPREREYEZFE » HE1985%
ZHE2BIER > AP ZBEAEMEGN

BzeRXEREREREH

B A REM

BoRR EATEEB - RIRERXEER
Lk E e

WA E M 8543 A

‘AWM 8 F6A
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WEAREERIESY  RILM RS R 2R
TR N DAHEBR ©

B ERRERE -RZERT THRT
REBZHAER RAAETRERNRZRITHE
HAMZBZAETE RPELMBERZE
MR » BLARAE B BB R L 44 (13,14] » HA
RGO FFER - BEREIE - AR RRIBES
IRELER SRR Z I ERA[15,16] BN kR4
RAHE R R Z B [17-20] EH05 2
EERERZZE ARINEZEENAR -
HREHEEHNRBETHERITREZH
e RAAMEEZAEENHEERE  Hik
HRMEARERZAS SHZHRRER
EREEZEMMA B 2R ZHERE -
HERIEBEEERPER -

BTGB IR 2 S5 » H19604E 58
o —AENBEMBRAZEE ) —HE
BEMTHRE REEBFEZRALE
A% - Hk » HE7E1960-1970F GRS
RETHEFIAMEERZAET REBEHR
WHEREZEZEBERH A EHEBR -
1£1960-19704E X » 75 B o 3tk [ ZRHR if 5 &
ZHRE MEE -SRI A WA AR
1964-196 7572 S IR B AT IR S & 27
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AEZEMEREE 25 DHEHERSH
RRITHEA RS ERAEHRZTH#E -

—~ SWTE 1960-1970 B2 ERSE

HRBHZ RERBEZRZ 2B ER
ERAGmMZEEFEGWE Rhz—-24
ERERL] HRERBRZHE - E—
HABR=AREES » BIMABRKERNZ
% IS ANE (Arsine, AsH3)» 8 AR
B 2 0 (Lead Acetate) B W i {b & (Hydrogen
Sulfide, H.S)Z t& » H113 8 R 1t 5K (Mercuric
Bromide)Z SX#K(B B)EME  AMERER
fa- Rz REARKECZREREL -
BRI Ik 7k o e 27 3% T B AR HE IR R LU R T %
B2 - WWHERIEREEE  ERAREEFENT > A
BHES -BEARARERZEREDEE -MER
25 mL ZkER » Hk b ipRE 2 6 AR R
(LOD, Limit of Detection) #J%50.04 pg/mL
(ppm) » T 6] € E2MBMR(LOQ, Limit of Quanti-
fication) #9550.2 pg/mL °

—

Reaction Tube With B

Test Paper

Cotton Wet With
Lead Acetate

Guszeit Generator
{2-0z Wide-Moutn ———m
Bottle)

I

Cenerator Used With Gutzeit
Method

B —  Apparatus of semiquantitative deter-
mination of arsenic water (Gutzeit)

hEEfTEE 1996, Vol.15, No.3 ffi

B —ffi B NatelsonZ B & Hi%[22] > HE
Bz FEME AFRZLIEE HeBrn
Z AT (glass woo)DIN B R @QIE =) - BLL
sodium hypobromite Fz I B2 (H2S04) ¥ 3% #E 4%
EZWEEH » AR INA ammonium molybdate K
hydrazine sulfate 5 molybdenium blue Z
BE AR W - 3 L 3 88(845 nm)BR ML R B (BD A
663 € 1 B KR B {E - IR R BRI IRE R
#RE B AR RE[23] - ANEARRIBER
25mLZ 7K R » Hoksp iR B 2 0 5 Ml A R
(LOD)#JE 0.03 pg/mL » iR E EMBFR(LOQ)
#7550.08 pg/mL °

Bl—=  Apparatus of quantitative determinaticn
of arsenic in water (Natelson)

117



MZBER - B=E¥F A NatelsonF i
2JEBWZRER - LEBAAXESE T
MEMBALEEFTSZHRER 28
Y=403.39X+4.9» r=0.9998(n=3) B Y=18.85
X-2.1» 1=0.9994(n=3) Hth v BSMEeE
X BWREE r BHEERE - AR Tal
TREFRZHREEHEE BRIF EEEESEBK
ERMEEams G-

B R B E: F] H Natelson f ¥
221" EBAFE0.32 1w g/mL ks » HERA
B (Coefficient of Variation, C.V.) B 5.5%
(n=10) BRHERMEEF - B4 8 1-16 ug
ZWmA K AR EERZER £
WERH 93.5%-102.4% » BRI %2 E 2
IRREAR -

BERTE160OENRFIFEHAEE kDM
Natelson /j ik 22148 & # 5 » HIL FikH Lt
ZHRERBRETEMMELF 19874 MacCarthy
%2 Review paper[24] » SR EMEHRL S

BEEBAPHNER > AANHSLETFRE
f& > HGAAS(Hydride Generation Atomic
Absorption Spectrophotometer ) Z#ER5%EE—
B UG BEICOERFAERZIE D
Natelson [22] Z B EEA R Z T EH IR
BHE -

> BT 1960-1970 EXPERS BN

THEFRKSHEBZRE

EIR1960-1970 4 » EMBEHERER
RRATHIE  HAMESBZRERE FEY
A (W1 —) - Blackwell %[6] & Chen and
Wu RIZBREBREREFARAENHBRERN
REITHENNE  RERAEZHE > W
Yeh[4] » Kuo[23] KLoZ%[251HI% A B WK &
TTHRZNERAE - B4 > Blackwell[6] »
Chen[2]> Yeh[4] K Kuo[23] FiAENZ 2
BRIEAK > MLo[25] FIEAEMRI LI T WAk
BEHAAK -

0.7
0.6 -.. Spectrophotometer
(845 nm)
—~ 0.5}
o Y=40.39X + 4.9 » r=0.9998 (n=3)
2 0.4 p
©
2
2 0.3
Q.
<
0.2
0.1 Y=18.85X-2.1 » r=0.9994 (n=3)
) Colorimeter (Filter #66)

1 L
14 16

Arsensic concentration (g /25 mL)

B =
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Standard curves of arsenic in water
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*—

Arsenic Levels in the Well Water Investigation in Taiwan

Total BFD-Endemic*
Village  Well Village = Well Arsenic concentration  (pug/mL)

No. No. No. No. Mean Median Min Max. Method Ref.
UN** 13a UN 8a  0.60 078 034 096 Quant. 1961 Blackwell(6)
UN 119 UN 34a UN 078 035 110 Semi. 1962 Chen(2)

9 9a 9 9a 059 053 034 0.90 Quant. 1963 Yeh(4)

29 126a 23 97a 051 050 0.01 110 Quant. 1968 Kuo (23)

1446 62,0100b 50 844 b UN UN 0 0 Semi. 1977 Lo (25)

*  BFD-Endemic : Townships of Peimen, Hsuechia, Putai and Ichu

*% UUN : unknown a : Artesian Well

EARREMAERKPMZTE AW
HERH# B Chen[2] B Lo[25] B EE
ZE#lF5iE[21] » T Blackwell[6] » Yeh[4] K
Kuo[23] B fiNatelson[22] ZEBi% - i
B Lo[251BE A EENIEL » HIMHEERK T
Wz AMBEARNZE0L pg/mLELT »
0.1-0.35 pg/mL % 0.35 pg/mL Ll b =FEERT
BLe RIL » &7 P15 E (Mean) & H £ B
(Median) » Blackwell[6]5 Chen[2]Z 37K i
B2t AL B 0.78 pg/mL © i Yeh[4] R Kuo[23]
ZH AR 2 A B AR 0.5 pg/mL ©

FH 72 Blackwell[6] B Yeh[4]:Z 3 7k 573 8%
&4 > EIL4Chen[2] » Kuo[23] K Lo[25]=
BREZHAMREZRESR HE—FZ
b - B M B R Lo [25]18E 4R B IR R AT [ 43
br84403E 7k » {HABE0.1 pg/mLATEA20% »
#380.35 ng/mLIIEE6.4% » EKuofiERER
BR0.3 pg/mLLl EZBEMHE - KEERK
Kuo[23] K Lo[25]Z# & #0.1 pg/mLLL B R
0.35 pg/mLEL B Z BRIk 2 - R R
Lo[25]E2 Kuo[23]EJLFI Z R EH B » BB
0.1 pg/mLK0.35ug/mL ZBE KEAHR » H
fitt = #RSE A 4B 380.1 u g/mL & Lo 25128

HhEEEE 1996, Vol.15, No.3 [t

b : Shallow Well + Artesian well

H#k% » Hi8##0.35ug/mL &> B Kuo[23]
ZBE KBUER - dELTT 4 > 725 B B 1T 3k
& EHAEWEEE 035 pg/mLETHEKA
M BEEERIA HERMEBREHE— - mip
REETE0.1-0.35u g/mLZEIZHKE » RBLo
ZRSZAEBREPEEALEHK » HLo%
AW ES BRI o ATEETE0.1 pg/mL ETF
ZHUE R LERZE - KW A S iR
EER0.1-0.35 pg/mLZHKBERNEA - BA
R B Kuo[2317E B IR BRAT MR » PUSBER
KRR Z s » EFINDIELE: » Hdfi;

BH9FE0.5-0.6 pg/mL e

ENEEKPHS BRI
E_BRERCHBRERBZAERNFRER
EHRHRAERE S MABIEAANEREL
L RN — O H B 19648 19674 B
PUEE R AR ZEER - HAMZIRERMOE 2
b EER—RZ R LR L2 B A2
b HERERRERBENS -R=T32L
s IR BB AT B 2 10T R 15 B i v ) B 1)
RIRFTR K » LB H AR o el o L 5%
REBE 6.8% F48. 7% GHE KIIER .
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Frequency (%)

80_

lo, et -al.
50} N = 844
20 |
107
el ]
-
oy
3 297 guo
E) -
g N = 97
o 10

] s

Chen et al.

0.3 0.8 1.0

20+

Arsenic Concentration (pom)

Comparison of frequency distributions of well
in endemic area by concentration of arsenic
(ng/mL). Lo, et al.[25] contained shallow &
artesian wells. Kuo[23] and Chen et al.|[2]
contained artesian wells alone,

30, 30
Hsueh-chia Pei-men ]
204 N = 27 20 4 N = 21_
104 04
= | . 1
10. 0.3 0.6 1.0 10 - 0.3 0.6 1.0
I-chu Pu-tai 1
204 20 N =22
N=27 '
10 10 4 . H
0.3 0.6 1.0 0.3 0.6 1.0
Arsenic Concentration (ppm)
#  Comparison of frequency distributions of artesian well

in four towships of endemic area by concentration of

arsenic (pg/mL). Data from Kuo[23].
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x = Variation of Arsenic Concentrations in An
Artesian Well Water in BFD Endemic Area*

Date analyzed

Arsenic concentration

Year/Mon./day/Tim (1g/ml, ppm)

1964/10/10 6:00 0.60

18:00 0.83
1964/10/13 6:00 0.83

18:00 0.90
1964/10/14 6:00 1.12

18:00 0.90
1965/05/14 0.87
1966/06/17 0.54
1966/07/01 0.64
1967/02/05 0.78

HEE A

* The well water of Blackfoot Disease Experiment Lab.

at Hsuei-chia Hsien, Tainan Hsien.

(BARBEFREEM RS RR RS Bk » BRRERER)

k= Variation of Arsenic Concentrations in
Artesian Well Water in BFD Endemic Area

Arsenic concentration (pug/mlL)

Well n* Mean (SD) C.V. (%)
1 6 0.78+0.15 19.2
9 6 1.1440.16 14.0
3 4 0.2940.04 13.8
4 4 0.3940.05 12.8
5 4 0.7740.06 7.8
6 3 0.5940.10 16.9
7 3 1.70+0.11 6.8
8 3 0.6540.06 9.2
9 3 0.64+0.17 26.6

10 3 0.3940.19 48.7

=£ 1996, Vol.15, No.3 [t
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S SHRERTHENKRERER2ZE
e
BABAAESRRETHE IRAEZ

QAN H AR EHRABRLZEIE - BEHEMBH

> HATBIAB r=0.627 ,P<0.01 - 534} Lo[25]

BR1967R 19754 » tE @A B 2 5B HE

HEZMNEE ARAFRREEZHLAO I

SREARPHER-HREAOHAZRESR

R BN H YOSk Z IR E B RZ R

FIARI - kR FH H I » AR

TS Z 3 - B4 > LR —hE; » 248

EESE Ltk HEARZHAMEERE »BRT152

2.0 r
Y =
= 0.627,
1.5 [~ = 94
& 1.0 -
&

Arsenic Concentration of Well Water

DRI— D250 Bt AL 36 o s
2 H3s -

HIRIR Lo25S)ZERE SR RITHER 2
EMBREESRRBETHE)FAELZ 5658 O
HAMESERRZMGR > FEREHFE
B 16 DRE » HAMIRESE 0.1 & 035
pe/ml & > £ 6.4%K 1.7% HEHEE
16-50 AR Z3k » RS EE® 0.1 K 0.35
pg/mL & > BIESE 59.9%K 153%(FRA) - H
38 2 R AT IR IS IR R AT M 1B e R R AT
B ks REFREREEDRNZHE
e

0.08 + 0.0325 X

P <0.01

100 150 200

Depth of Well

.
~
E/\

in well water.
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Correlation of the depth of well and arsenic concentration
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Variation of Arsenic Levels in Well Water

Samples The Depth of Well
obtained 45m 136 m 152 m 173 m
1967 a 0.07 0.38 1.24 1.45
1975 b 0.06 0.42 0.50 1.33
* yg/ml, ppm.

«: The mean of 11-17 water samples.
: The mean of 7 water samples.

% & Correlation of Arsenic Levels in the Ground water and
the Depth of Well in a Non-endemic Area*
Arsenic Levels (pg/ml, ppm)
Well Below 0.1 0.1-0.35 0.35-1.00 Over 1.00
Well Depth  No. No. % No. % No. % No. %
<l6m 4462 4175 93.6 210 4.7 72 1.6 5 0.1
16-50m 1196 479 40.1 534 44.6 160 13.4 23 1.9

Data obtained from Lo et al.(1977)

B~ FHKT@PFE (Species) 2 3

Eil1960-1970F R 2 H KM EREZ 5
o AP ERRIRER2MWED WA
FHYEIHE HRMZEHEREER &
R EREYEEH - RILEEH AP
VEB - HEEEWIME-

FEERHIZ200EHER - OEH AR
F[Flon-exchange Resin /3 HTHVHE - #5 £ 3
B As™ £0.03 pg/mL > As® £0.52 pg/mL »
HEEANES0.03 pg/mL ©

1977 B A » G X EHIZE H Chlorox
RETRANMNKIBRIEMIBZEHAKBEXEH
Texas A&M University{b 82 3 Z Irgolic#$%
BRI ARERAE B HEMAREE

th#Ef#EE 1996, Vol.15, No.3 FfiHi

* Yunlin Hsien (ZE k%)

(FHEALA) » BARBRE197T7HEH 4R E
2@ B ERE A 0.07 pg/ml » AS™ B
0.57 pg/mL [27] »

B 11980 7TH 9B £ 2 B #kigth
AAkEBEREcHEREKEZ —HEHS
7k » Z2HE Irgolic - A AZEE=HIH
ZHBE  —BEARNMEMER,—BMA01
% (W/W)Z Ascorbic Acid» — B M A HNO; £
HB%BEBS0.1 Mol/L o IrgolicR7H13HIK
A5 Z B IR - SR FIROE T
R CEFAZHWERF0.85(Well T)
Fe1.11 pg/mL (Well I1) o [ B S8 56 A1 i g 08
ZRBEELI A Ascorbic Acid ZKRe HigE
A £BAsY 0.022 pg/ml » AT 0.83
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pg/mL(Well ) B As®* 0.024  g/mL » As* 1.08
pg/mL (Well IT) » FEMRMB R A’ [27] -
HERUTPRAERERLB ST ERRF
Bl AR AREWENERL -

HEERESHREMBZHAEERRSE
ZIEW  HRGIMRTES » R A eG4
LB k- BB BZARES —EmA
HNOs » 4H Irgolic[27] RAEELEMA Ascorbic Acid
ZARKEF A ZZR, BRSHTMAHNO: Z
KRERAEFKZEZR - '

B R BEEIR ERE (28] HSHRE
ITHIE 2 A4S0 » LIS BE ZPE MBE » &
218 H BUE = {8 3Rk o s — o Bk
% > STHDA 0.45 . m Millipore $@#% » M A
RWEE(2 mL/L)EgMb#k » REFEEICTZIkSE -
HU[E %% DIPIC-HPLCE B M Z Yl - R R
HHRMZ IREEENBRLELL T (<1 pg/L) - T
B 18 AS/AS 2 IR B B 0.365 & 0.042
/0.34640.048(Well 1) » 0.59340.041/0.115+
0.060 (Well 2)}0.45140.122/0.128 £0.036
pg/mL (Well 3). FHEL R H KB EE &
B, HAS™ ZIREARRAS  MEZ LS
1.1-5.2 = L5 R ELEF[26] KIrgolic . [27]RF °
FH JEe BT %043 4 HE K s B AR » K AR 2 T R
RREHEEE -

B =

H1960-1970%F X » HHG M 5K &IT
HMEHAWESBZABTREMUBEASTZ
BERE O OBUEREAZEFABESEZ
Natelson Jjik[22] HHUEN » B HKER
RZHGAASHHLLE: » BB E-BMZEE
[24] -

BRENZHRERZHBKEREES
Kt AS* > A RERMSEYE  REESH
FURH & - BESRTE 1970 AR HA B 19804E K47 »
DHBLEERMPELIT > BB A
F1[26,27] » HEHRREZRF > 8B B KT
B ZRE  BESTSER s /RS
BRI R B DL A5 R 2 B B 3 3 1 B #h
BEZEHAMUES As™ - MBREREZ
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AHBEHRAST ZBEBR A 28] - LLE#H]
2Rk RS T SR T ERE EE
TE B R 51T MU > B2 BV IRBUK A » AT RER
5 HEBREBZARETHEETEN 0
LRt FmZHERKZE -
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