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=Abstract=
Epidemiologic Investigation to Identify the Cause of an Infant Methemoglobinemia

Young-yeul Kim, Bo-youl Choi, Hung-bae Park
Department of Preventive Medicine, College of Medicine, HanYang University

Min-young Kim, In-hak Yeo
Seoul Metropolitan Government Institute of Health and Environment

Epidemiologic investigation was conducted on January, 1993 in Seoul to identify the cause of an infant
methemoglobinemia. Field investigation of the area of outbreak, survey of household and family members,
analysis of ground water, and blood tests of involved family members were performed. Following results
were obtained.

On analyzing the quality of the ground water on patient's household high levels of nitrate was found
indicating contamination of water as the cause of a methemoglobinemia outbreak. On analysing the
quality of the ground waters on seven other places within the neighborhood five were contaminated by
nitrate in concentration that exceeded the permissible limit implying presence nearby source of
contamination. Sources of contamination were thought to be originating from human waste in
conventional bathroom facilities, chicken manure used in nearby orchards and plant fields or fertilizers.
But the results of water analysis with presence of bacteria or E.coli, concentration of potassium, phosphate
and the past history of diarrhea among family members, chicken manure suggested the most possible
source of contamination. To evaluate the health status of members in the neighborhood past history was
reviewed revealing no prior existence of patient with cyanosis and 65 people in the neighborhood had
normal levels of methemoglobin concentration in their blood.

Conclusively, the ground water on patient's household was contaminated with nitrate and despite
provision of adequate water supply, family members of the patient along with their distrust in the water

supply system had used ground water as their source of drinking water resulting of
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methemoglobinemia. Many suburban area of Seoul and country side thought to be having similar

problems concerning contaminated ground water supply and dormant outbreak of patients as a result of

the drinking of the contaminated water. Epidemiologic investigation and water analysis of ground waters

are advised.
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) E &) 2.3 249 d 2 (methemoglobinemia) & A Y
FU d E& 52Z 24 (methemoglobin) ] Z7}¢] ¢l
o ddH ez A3 M (slate gray)ol ANFE
EAdH oz Jehdo, dEIZZZNE Rz
9] AF3}-8-% A (oxidative derivative) 2 heme & A
14 (ferrous; FetT)o] A] 23 (ferric; Fett+) Ag
2 AtztE Feolm Jthehe AR %o} WES
HE22Hld o] ey A YL AL
Y 2 vVt Zastd 2% 29 AS4LFE
Zogtt. F4d0] FAHS A43H AAAA
L 2% WENRIZNE AL AAHT AiA
9 vjEAA g o3 HRIRNoR Yy
2 gAY &} 1-2% 3z F=E FASR Ut
(Lukens, 1987).

HEHRZZVNEZ L MHFo2 = vFP4dY
) 22 24 (hemoglobin M)°| 2] (hemoglobin M
disease)3lA L} WEEZFEN ] o] HLF &
ao AYe osty, FHHZE nitrite T A
3l&do|} diaminodiphenyl sulfone 5o <&
o8 ZAE ¢ Aok AAHQA Yoz Aj WE
HRB2NHEZTE dYES AFHA 4] IA T
FHAAYA Ao g R F4ol gz LA
o AAE AAE & FAez Edr)

nitrate2 2 9¥d S&8+E FIH WEJHREE
N3] B¢ Aoy 53] 298 $EER &%
€ g4 HE 39 o8t detdlA Fadg
(William, 1990). 1945 Comlyel ol3} 15z
nitratez S HE E9 &7 Jo} HEFHZI 2N
5o dgde] #aA olF 19643 7R} v =
o] BER ¢F 2,00089 ¥AES Ruddz: o

(Chanlett, 1979). 1 3o x 2]Zd| X & nitrateE
29E S-EEd o LA HEHREZNNEF
Zd 2 A7AYs AS BEnEa e (Josheph
%.1965; Miller, 1971: Johnsen %, 1987) %2
et e Eng <7} glet,

AREL 19939 19 A& 2% 4 Ay
LA AAFE 42 JAF Aot HEFHRE
ZENgZoz Addd uz}t Hoprt L83 Az}
Fo &g Aoz FPEHR of AW AJATFHE
A gEzAE dAEA

g d

19939 19 AF 259€ Aokt AF 10973
8 2T 4T (cyanosis) S F4£2 AEY &
ool WeLsige. ANFS 492 4 & dA
d vetd ¥ AlEAle A& HEIg oy EI &
e A3HA Jetwth. GdEHES A8 Ay Y
FEAl ARbgo] 2dEe ddAd AAEE 94ls

o] A Hol ddsiHet. olgA HAt
2 F5E XA #9, A% 22947448 AAE ot
AAEE A 28-S gldon DA A3
g dde 2334 AU olw FHEY PO,
PCO,= 57.1, 28.2mmHg, HEIEZZH A=
24.4% °1Qth. B3AY AAAd e gxe o
¢ HYARA T Fdo] THEHA] ol A FE o
Al gtk olue ¥F WEHRIEZVAE
8.8% ol AtE AT ASE2 o2 methylene
blue AHMFAL % 2 2% ZAisted HEHRL2ZE
HEdZez Ad 5Ar. thdd H9A vERZ
ZRAE 1.3% °19n HA o 10d¥F WEHEZ
ZRIAE 0.52% ol 44 AV|9d% HAE
ZE3E 71El AAlelA o]ZAAAL WA §Ym
et AF 3d RE E/4E AFEE B "l s

g
Il
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H3} nx)u HYF FEER B8 ElA Hyg Ly
€ AYFo] YEIA Ystn ool HEFHRIE
e AAYYAH]E Ho odF BB &4

o o WEHNRIZNIFE A5 =HU

I elcha W

ARELS 19939 19 M&A 24 L7 Hgd g
d WEHRSZNES @Ayt Lt 2]
nitrate2 L FE A5 F8& g o] 24lH

TAHAANE 928 Sol wH dAdrEE Y&
19939 39 AgxAS FAs ZALE Al
gk A4 23 A5e HL9 Ay 2 YL E
< oj &gl SAst WA A He XYH EA,
F R Askr o] $4H 5o FRE A7) Y @
AZAME AASHAT. A8t #2HALE A3 39
Ao AzeE, 49 FUS] 8% F¢E
TEsle] R YA 8 AFFEE A A
o 2E9E 937 Yl A2AFY =, &, A
A4, 7HEASR, iz, FHY), FIARE §
£ A A R, AY FUE dFeR Aty
144 € £ 5& AE2A) Y. =23 F9
o] A7Ae e e A A FAFEA HAYH
T 2 AASAREE AR 2 "HPRA ded
7t WEHEZZY =23 & A 444
£ AgsaArct.

FHAANE A BAEAATLAN S &5 F

o]

E 1 Ass #2224 92 3 9y

A&y ZA3ske, pH Meter, Ion Chromatography
(Dionex 4000 I), Mercury Analyser(Mercury/AM-
1), Atomic Absorption Spectrophotometer (Hitachi
E-8100) 5& ol &3t BASAH (X 1).

nm. 2

1. BA wgRee SN W 42,

A el

X5t 0|8

SEL AEe BEF AXsY AF F 27,
000%, 2 8,000/ i 7t A3 ik, Sxprt HAYF
AL SEAMN FFoz Mg 7HF ztel] $A
3] FREY] REEL T FAEY o XY
e A7t 2T F FHE F 609 7ot
Al AFstn e o 5L HEFH FHde
Moz e woz Ny A& uet dE=
Axe vk, EEZFH %Y Wgde JAEFH
At W FHede] dmn EEdE Eo] R
W3 AR, % 58 FUE0 199 33 A
o2 1).

e JAEL HZE 0|43 A3e FFAAL
£ BReta glen #HAdEe
Eo] oy B9 FFo| 53 BF HHsn
AP vt Zol 10-20m 3 A
Abgeta itk BEF

%
o 7}7E AddnE BT 45

K

o

A 8= b W, tdE, dREEE,
FAAAELNF AR, FELAHE
pH

NH;, NO,~, NOy—, Cl—, S0,-2,
K+, PO,~3 Mg*+, Ca*t+

5. A, U3 od, AF, Jt=EF. WA

rfo

S
T

45 #2718

dlo

pH Meter
Ion Chromatography

Atomic Absorption
Spectrophotometer

Mercury Analyser
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W B (A )
A ZATPH(RHA )

A ZAZHHFAANEHTAE)
1-8: A3t 4713 HE

2o AE] 45Esh ARSUT BEE

A A A7

J8 1. 8AEEAY A R ASeASF 2

=R

ti ok, RAIEFE 17FFE AL 297b 77
AFHIE HE5tA Jod AFes AFHE
g 2E E&dtn e Ae 210k,

Efdn e e 87t ot

AseE e
o A7E 3 3

T ol &ste 47H7E AT 267F77t ABF

ol &3tz UTHE 2).

S+&FE olgHe EL As (157,

345(5

b, BEE A dol AA® F410717) T

7 X s4E SE&3E 1571 F 67lFE BAA
S48 U (FE 3). A}FE ol &3t 7HTES
Ao &x& Mol (217H), 4% (227
), 28157H) Tl AstFE dold o &
A g M F hFdAe 8 € 2Yde
Asteg ol &atn UTH(E 4).

As5E ol &dte dF FUELS AstroA o
(117v7), A B 7 don stgden 4, o,
WAzk 2% gz #43de 8= b ddd

E 2. ZAHNY 717 A4E 2 A E e E o848
Rk 7t HEE(%)
e 1 3.3
drz 2 AsteEz
— AfT olg 3 10.0
ArE 4 ASNFHE o 18 60.0
REE 8 26.7
A 30 100.0
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z ® 74 W3R8 (%)
] 54 15 50.0
4 % 5 16.4
%} F 10 30.3
Al 30 100.0
E 4 As4e 4%
% = s W28 (%)
70| 2 80.8
zZ 9 22 84.6
5 & 15 57.7
Al 26 100.0

(£ 5). B%o] Utz & A 2% Auto] g
2 sgen WAE A9 % WAz 9o S,
2852 A5E o834 P olwzE 47l
odUR Pol EVATHEIT), A5E Bojopw
v § ek (27E), Ak b (3t
), AedA 22 dAZH BoH(14E) Se= 4
22 BASE 7177 8717(53%) SIRTHE 6).

2. xsteel 23 BMEY

27t BAF A Ases heFASe)

%
B2 sl 44T TFF AT 9Re s F3

-y dlo

E 5 ASFE ol &3t FUE e AdF B4

Mg Az 2% Az gre ga o, dA
g3 Aoz JeElYH (R 7). 9% A3F
Fhol&FE, Fhol, HAUWIHEL
#&71F o9 A%E BJu, FEYo}
nitrites A&9A] FIA T nitrates == %F
gste) 32(5, 7. 9)E AL 63%M 3

ENE 29 91 53] @t AT F A
314 (3¥) oAl & nitrater} & &71F9] o THIAE
Q1 298.7Tmg/l 7} AEEAT. = #AIF LT
Hel AstFoXe ZxE(316mg/) et SEAFE
(608mgM %= 3 &7 E & 23 A T IdPAT
7 ggEe AEHA ¥tk 8 A3 AF
nitratex = (252.5mg/N)7} %S B opzt Awt
NaFE 871812 239 12(220 wal/100
ml), dAZFE HAEERes FLARFE(665mgl)
2 AE(289mgHE o} BAuY Asty F 74
290 Ak, A A Astge} 8H A5
Alold] 2 X% 4 A dl$ &= nitratesr =(147.
2mg/M)eto] HE7NEANE 28R, dTAT 2
AT A2EA gted, A=(172mgh)L
HARE(34Tmg) & 4zt B& F=H o &7
F oo &t ol 1, 2, 61 AdtE
nitratelx 59 69.2-84.1mg/l 2 & &7|&F v} &
sten t& A Axe HLIE oU FEIA
k. el 5% HAe 929 Adg BERAA 3
471 oul9 AFAF B

o
P

o
o Hn

rlo

=
o 2
>

o Ml N2
o

|

3. Asts oo 53

FA7E AT F F AZAFY A sHEeAA
nitrate’s =7} EA Vel mat e el vl

=4 49 ARE WRE®) _
E 6. &5 A4E o887 &e oF
A u{ck - 26 100.0 Cne o
o)t 0 0.0 ] - 7Vt WEE(%)
ot Ak 14 53.8 Aae 98 Tol B AT 6 40.0
Ak 11 42.3 e Boopyt npd £ gtk 2 13.0
LSR=R 8 1 3.8 A7 Fobn 4@ 3 20.0
Ay sich 23 88.5 AeoA A5G YAzt 1 6.7
pig= 3 11.5 &4 3 13.3
Al 26 100.0 Al 15 100.0
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)

7 A8s +ARN 2%

:;i?;%) 2 3#* 4 5 6 7 8 g##
AT (%) 0 0 0 0 0 0 0 0 0
Br(x) 0 0 0 0 0 0 0 0 0

2 HA 2% =y = =% A3 =iy = A Ay
pH 6.4 6.5 6.0 6.3 6.6 6.3 6.5 6.4 6.2
NOz(mg/) BHdE E4F EdE E7Z e EdE 842 242 2ds
NO,~(mgh) ¥#E E3Z E4E€ EHAE e BdE 24z EHde B4z
NO3~ (mgl) 69.2% 84.1* 298.7* 147 2% 344 77.8% 30.9 252.5% 4.8
FedudE 0.6 1.8 1.2 1.2 3.3 31 2.5 7.5 v}
ZH] F(mg/l)

7 % (mg/) 123 115 316* 172 95 100 56 289 20
SURAE 239 271 608* 347 165 218 123 665* " A
(mgl/)

L A4 <A <A <A 30 70 90 220* 4
(m}21/100mg/)

2 K s <7 =3 ] =73 At =73 =7 ¥4 =74
Cl—(mg/) 27.8 29.1 74.1 43.5 12.6 36.3 14.5 108.9 2.6

0, 2(mg/) 14.0 239 44.3 8.1 10.3 7.5 4.2 47.7 5.0
PO, 3(mgl) EHZ & 23e B4z 2HE 84z BHs 4% 0.3
K+ (mg/1) 1.72 1.68 5.94 1.87 1.85 1.32 1.24 22.03 w7
Mgt +t(mgl) 6.60 7.01 20.83 8.06 6.19 4.49 2.56 11.15 w4
Ca*t+(mg/l) 4.52 25.02 60.47 37.75 16.56 21.52 11.47 62.99 ul
Pb 0.05 0.08 0.19 0.09 0.001 0.023 0.003 0.003 0.09
e EEEe HEV|E HEVIE FHEVE HEUIE HEVE HEVE HEVIE HEVE HEUE

o] ol ol o]y olyl ol o] olf ol

# g2 7l S8 Ase
ook

* HeNExY

@ &, F. 4 Y% od AE Ft=F VA

e Aoz 2R A4 ¢ FA4 3 B 15m oUgxn

#& AxL g Heded F= AFH ¥E F
Ve e 299 FTE FAEE

ZAH 307F F 257F7olAM A EgA
. WA e AEzrt e Ay 34
= ARE3I AR (aE 1), RE AHA g4
< 3 sl A sRen AsieETge] Ade

7W7bE XL bm ool 35 Y

oA B3l Rhe o 1299 19 2a
olgstel +AHT UYn HYl o) %
e s

'}Y"}]x}'o‘é'

nhgel %

Seast wEd 9
Arez ASE F2
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HE 8). wele ALAFAIZ Alold] Bgug
& a2MgE 199 2-38) Fu gedode 7-8
doll Fa F= EYPug T& 22WEE F
Agdde Bl ALL FNE AT BEdde
A& HRE FA gt FAedy Poe 19
ol 6~73 F= AzxA AAEL T HFAE
FEH

A ZAL A3t o] 9o 299 Ylo] E £ Qe
ZFEAbE%, Pz f Ee S8 el

4. Folo] HYME A

o

g2o dEHRZFZAEZY HYelo] nitrateR
2dd Astee S8oz YA zANAG7ET
el #A golo FMZLY KRS HERXAEY
ot FAFol UAE s E qWG. LFdo A
HHsgde] ARolgH HAl HAHo] g F
glenz HAAZAEE HERA 9T, 7299 7}
TEF A2 2€ A AAE A3 Age 109 o
AL A, o] &3t AFR(19.4%)M 248,

T O

E 8 Az 3 #Ede] AEH HE FEA

A Az 7l
B AR A%
o4 g ELUER shul 2
7t e AL AR e ABSHA 2o
A & Hgwz Be AR ABSA %e

e ASHA 22

U ERYE, eaHlE

3% F4(10.3%)E ol &3le AMgET ®gto
U 5AAE fo3Ae ¥dtHp = 0.499)(F
9). zalxn A AL o &3 AFF(19.
2%)90A A2 BFAE &3t AFR(10.9%)
2o dAEEe] ged BAHE fsiAE
2AdcH(p = 0.324) (¥ 10).

2 ZAM e 298 Astge S84 A vE
HEZ2NEZF] S 47 98 717AE Y9
HEFRIZVAANE AP ZAAEE A4
ol gote AN 6HRE 1549 2o} 148 £
B3 657 HESEIENY FEE =7 (IL482
CO-OXIMETER) % A3 2% AA4YAQ)

iv. 1 &

194)7] Futdz A4A%ol} sAPoz MY
2 & gde 3A4F dF Rurt ddn dEHR
22¥13) sulfhemoglobine] ¥oje] 7z wisle) T
AL A& Aoz AAsgx g dEdrIady
sulfhemoglobin®] 243 FR& BBaygo] A&
2 Fo} 71sdA Sdoen oluRE Yoo M7
WaLe 2Yste o shatgd ¢ %AV wEAY
(Lukens, 1987).

HENRZ2N S 3 AY PN AL A=Y
NADH cytochrome b, reductasee} 9% NADP
2]#&A cytochrome by reductasec] 2l&] d=IF=Hl
o2 &Y= of(Lukens, 1987) AAAANA o 1~
2% 8 A Ao we okt oz Ytk
(Kravitz &, 1956). 2 EA,
(Haggerty, 1962), prilocaine 52} u}##, 98,

benzocaine

E 10. 3P34ERE dAEE 3AY

H9 S84 THY 4A4Y #AAY
285 AR EHRAY
T ki (%)
AH (%) AH(%)

2] 84 6(19.4) 25(80.6) 31(100.0)
A & 1( 8.3) 11(91.7) 12(100.0)
of 4= 3(10.3) 26(89.7) 29(100.0)

A 10(13.9) 62(86.1) 72(100.0)
p = 0499, x2 = 1.389

A AAE A
& G = A (%)
Aet(%) (%)
A2 4] 5(19.2) 21(80.8) 26(100.0)
S A4 5(10.9) 41(89.1) 46(100.0)
A 10(13.9) 62(86.1) 72(100.0)
p = 0324, 22 = 0971
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Y4, 254 59 anilineR <A, hydralazine,
nitroprusside $9 n¥stA, FTete]obAAl,
1945) &3 pyridium
1968), sulfonamides, ethylenediamine-

nitrate/nitrite (Comley,
(Sand %,
tetraacetate, naphthalene, vitamine K, mothballs,
phenytoin, dinitrophenol,
potassium chlorate 59 <fA] 2 At3lAl= W ESF|
222y 34& /A 3414 vEfREEY
d3& doqid,

1945 Comlye] ¢]8] 15 X9 nitrate2 29 H
B9 &80 o3 MEHRIZWIEZo AL TR
33 odE $EE F&d o FAFEA
ZH R Bo] Yt (Marcus 5, 1949;
Bucklin 5,
1965; Miller, 1971: Johnson %, 1987). ©]=2
AARHANA 3071E T 14499 7 LAY
o 1490] A}%43t=(Rosenfield 5, 1950) 5 HE
HEI2WYF A4£AQ Ba § FHAR EF
3t AT LEE FEES dot WEARERY
Yo T Adeojnt.

2529 nitrater} FHE S && AUE A
Gol7lo Mgt ZA7F drt. Folrp HEHRIEN
3o #AFAol & olfe AA, Aot
NADH cytochrome by reductases] ZEA-& AR
o} wekatn ARl met Frtstd AF ok 674
7o A v o =@ (Choury F,
1983. Lukens, 1987) &4, AlActdM s 49
A7} Eo} nitrate BP T FRYATDAA A
slAIEl o] nitratez} A8 F4E7] Aol nitriteR
gl =lo] "ot (Cornblath 5, 1948).

Fxte] WANFo| oFH BAoA AFHT
o MZZ HEFRIZNEFS A4 F U
o U 9d £33 52 HEHZZZVNRNE A
& 5 AU o) FF HAL, HAHPAL FoA AA
A Qg A ¢l oy ANFI A¥L
gAHez 298 $EEY nitrated] 2l WES
EZRVEFo 2 AFsta ATzAE A FsA
FAZA A2 @A £& W Astgd
nitratex= 298. Tmg/l2 o]d] 2|3 v EFHmZ 2
¥E A2 gan. =23 99 tE 2 5329

AP X E nitrater} 3 L7 EX BT} Eol 1

metoclopramide,

1960: Haggerty, 1962: Josheph %, -

2o eg9o] AR AZEATH
Ed AF g Adgde FAEY dEd, F
2o wjAdE S 2&] nitrater} FAH] A3}
B EF grijolo] o] AtdlE o] nitrite®} nitrate
7t AAHAR o R FEE FAF2 Y. F
2] 3740 &ZAsle hEEQ nitratex sodium
nitrate, urea 5 ET¥sE HFH| 5, FE9 w4
& So| FH Ao oo A, A, nETF
ol H7E S 2J(IPCS, 1978). olF &
4ol EAste FoA $EE ARE A, ¥
A% A S o2 nitrate®2 LFE X EF7F Ad
T2 2nE3n w3 33EF nAE Fo2 29
o, a2z ol 4L Arlhv F5d B2 ¥
AAZRE e Wgo R WA= 3o}
ZAAGE 2% 9 FE AV|ge W Fded
9E Aok Aloldl HRletH Fdd Hdee 1
dell 3~43] AEF7]¢ HBARLE Fth. A
2 )33 933 nitrate7} H LA BT} FL& 629
ANzl BrEH LA A E At
25 vxde AEH YR 9 ZR2ARE H&
37l B AEF7I HBEAX Tl A% AT
29 AL = U}, 23U EFuE, 94
8 59 9oz AZEr)d= POSe ZEATL
o}l AlEe9 oo o3 nitrate Z7FE 78S
th. a3y 22 Fhe A7 E2A ALEE AR
22 gy A Aoz AHFAE A
g A "lg AXANE 2T Ade 29
F714Q FHZAAE 28 o2 ARHUY.
T3 A FFHe A L BREe] AR
Qe A% egE A F Ao dutAFe]
AZHA gAY F7 A1 139 AdEE A
33 WAde] AEHA ¥ H, FUEY #AH
4 AALEAel Aoy oj&4dn e &5 2
Sl ZFele BEAZFLRE fo% A7t gle A
503 Qo o3 A4y 2P obd ez A}
FHACE. gy AstEE ol &3 AY AAA A
AL o] &3k AlgelA AAtel 7o) Bol oF
do g9 7HsAd & ¢A3] AT = AU
vhEel 5BE o 97 g2 X AAS 1R
L (A3 5 AP S AFAste GAZTHIY &
El2 & FaA (clZ L4t oA E ZAME)E o

o
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£35te] AL Bole ZAW o]FojA 1 glo] o] F
o] H71E] o3 2 gL ofd Aog AIRHAT,

& GMEHE A7} wo}l vyt o HEge R
Ha glz £AZHAL o] FAR 929 A d¢F 3
H, 49, 8¥eo] 53] nitrated] FFo] Tn E
AR e Qlo] Eoke ool FAMF Adlgol o W
o] 4T FUE 7oAl devt ole AFHE
g #Fz23td FQlaof & Aoz Asdr],

*28 UM dEINRIZNYEZTL dqrP
DDS(diaminodiphenyl sulfone)o] 2]t o] B 1
HAn(AgF 5, 1982: g4 5, 1983)
phenaceting 9] %Eo o3 Ax H3H YA 9HA
% 5. 1982) 29HE Ao 8o 9% AL
Ak, ey foldlA HENEZZNEFY 4
DL &+ YYD A7 Ao (A 5, 1982)
FA f8 vtz 2948 AdtF S84 o3 &
A7F R FA T HAd-g WEIA gol AdHA
XA g 2ALE A Fol dAE ¢ F 8le

Aoz BEREUE 74l At 1981d 9=

S+ 4FAY 1000709 $EESF 27%7F 8723
9] nitrates] ¥ E7IEANE Z2AdHUTE E2
5.1987)= glo] #4379 zde =X
T 8] vl SA Y Bt ofyg} v &3 BT
g A9e Ad4E LPHAS HeAdel et

A3 oz SA99 Asiye FHd A 2
A 3 LAHAE BT ol mldol= g

*J‘Fﬂ- BaHAgdz 448 EAsD Ase

g 83 At BYARE RoE AR
A
A

(Johnson

l gAY 9 FEAFd = A9 22 249
Roz Qztdo] gxte] A o9€
A stge] 82 o] 3 ol dF FAHI}
A ZAF 2 RE A3 AR HAE AldE
oF & Zle|th. 183 nitrate2 FE A s
S8 o3 WEHRIZNEZTL AU & 9l&
¥ ool XNs"E £ AT A 47 HAF
o] dlo] #aA <o 48'd0] At AAxE FolArE
AQle] YBEoln nitratex Fo} HEHRIZW
dEo &3 42 A& Avsteor & Aol

0
=
qol B

VE E

199349 19 A& SAqe ot HEHNRZZH
3 3L LAse 497 S d8 AXE FE
8to) AAIR detzate] Aaes g 2ot

1. 8271 4% A FAPA 27
nitratelr =7} ¥0}(298.7mg/l) W EIH LI EZHEY
Z9 AL 294 Aste A g #Hid. =3
obgul o2 TR $EAA AT olF 5
nitratex =7} U4,

2. Astee edgez A gAdel AR,
AT F5dd AMAge AR E2 ¥EE A4F
F A},

FRle] AR4Y e d8 ArdE oA
o2 FAAHE ZAR AT HANF Fxe YL
Ao 717E 65 P UFg F4RFAESR HE
HEZEHA = F4HAA

AEHeE SAF Aere FHd HAE 2
g 98 edEden AR AT Ao
A4 AsA e 2ddez AAHAUG. zmlm
gl dRE 447t RFHALNE A5 E
S63 27 WEHRIZVNIES 7 FATE A
o2 AlgHo] #xlel HAR eHdd Ay &
< o@dtr] el olel uidt BAATH zA},
RE Ag49 gdAx HAF € gniE BreHE
A TE 5L Aldgstedol & Aelrt

g g

Ho
ok

ut4et w24 HAlE. Methemoglobinemia®] ¢
A BF AAE 1982 6(1): 31-36
AeE, AAA, A3, x4, Methemoglobin

3o 44A #F 2obd 19820 25(11):
1131-1139
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