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HEAD E43m% 2 O
S BREREE T L
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13 )% wigiemi, SORMY | B5RRY Yayy WEL Mgl2.8mg/dl ECETFLAR, MERCyRR | 1
78T | SO i51R) (BHD R 2007
ARG, R, WA RN e | 1.5¢/day i Mg fL5E (Mg 11.0mg/dl) . Batigsk, Bt | = B Ca $t5, Mg i 11mg/dl 7285 7.4mg/dl IZI&
14 LIEUABZRT)., RESRRER. 8 | 174 MRS T, #RAR, FERE Ik, OifELE, 5 | F.IBE RS EDN DB, IHEHEEEZE DT, 12
645 | ¥ (SMERDE) . BT B, 5 RAE, BARRE., ey IRB BR | FHT3 H B IZEE, 2007
AEERF UNddmg/dl, Cr2.8mg/ (BB T4L)
JEREFERE T, S EEE, Bk | iETHR i Mg IE (Mg 6.5me/dD) , BIEEFOET, | KERK. Ca ARG CRLEBEE 352,
15 AT, R EERSE R | RER-HIEARY | S AFR4A UN 156mg/dl Cr 7.4mg/dl T¥ | Mgh.4mg/dl &{E T ULIZHNERL ~NVIITE, BTEHE 13
745 ARV RASE AR RRK o TUTIEKIRFEE 308, Mg2.5 mg/dl ~K T, EigL~ 2008
T fEIMET., DbV e NYCE B
~RYRF— Btk
W EFSCHRE: Mg <733 UA MO BM=/ R UN JRFBER, Ca INT UL P EHEI Cr 2VTF=r,

Cer ZVFF=22Y75-A, QT QTREM, ICU £PIEHE, ER BaHm=E
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RASHEOTE 3 BINSTE 2 I ~D3IE LT ROBEEERLVELES,

() BAENEZSEHER

T 113-0033

HRESURE A 2-38-21 7IINEJL2F
TL:03—5800—0786
Fax:03—5800—0787
e—mail: tosekiigakkai@jsdt.or.jp



3 MR



A [ 5 7. Ezi:%éﬁl:'% £HEEE. 2000;37;(8)649.
9, BV RIVAMEC LN EHLRRERL LWE

E0D1¥
EﬂEﬁk%%ﬁﬁﬂf@ﬁ#%-%ﬁﬁm;ﬁgﬁﬁ
RS, kEwE, HERE, TERER
EAIsIELE. ZNREOREHNTAR. ik
ECEI VA9 ANE (29mEq/L) &, BERHE
MELELCEL, FALOERERREK ASEEBLT
BREEARBADNE (LHE% 57000/ 2Bk,
AR, Bk A A0RRERETBEIERLY
F0HOBBTT 720 5BEZEREL, RARCH
ik - HELoBELSEEL S (OB 109000/ .
MM LTET YA Yo A RETE{EB L B{E
A1, BB T Front-temporal dementia A58 % 5
b, @TFHELTHAShIBEY2Y 74T
HAY, EREEE0H 2EREICERRETE41E,
BRESERIC D TS S LENDD LBbR,
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TEOEE, FRITERBE, BOEEFELLABREPER CHRAEE
B CHole. FHIGELR 168 ERBTHESRMEZZ L, B~y
AV A3gR3 MG ENAM L. TEZLD %H‘T@ﬁ?lmn&%ﬁ%@ﬁ
CHEBEL, 1EBHBEEMFEOLHDAR. ARBEERVM]ICS I-10, i
F188/80mmbg, RiE517%E, HLERCCOESEE S0k, T8, Bk
Pﬁ%é}ns ﬁﬁl.(BEbmSki&:%%Eﬁ?g)‘Dta He 40%, TP ?.5g’/d]\ BUN
480me/dl. Cr 584me/dl, REOOmg/dl, HE133mg/dls BRCTCR
FRAEBROBIBEREREOATH T, DFMg 13me/dl L E¥HER
EL. INWHERESORBEEL bt REMeHilE 300mg/oCr &
BiIL ok, FhavBANY D ANml A S HEE1500ml/BIcCER
IRERRIZIZERELY, HI0BTERELE. —F, B Mg HEEE

TRETH2BRELN, SIRHICEEMg LA @bﬂ%ﬁﬁarﬁla”’
(Eﬁmg/él) D, 273V AREET LB, FTHES(, 1
HTWFSNABE IS, BUFTTL20BECEVTE, TOERETY
MEMegOBEBEBLUERBSEFEECL ) A0, EBLFILLF
PRWEBDILE,



Uil & A8 524 W] H ARKNBI 2B R HUFSELE. 2005P21.

13 BMbworaxvvaRMBIckn S v 3y AMEnsn
BELRELSBGETFTRED 1L )
TR (A)
OuUigb0-3, EAxGT, EF B BT,
R EgIkel, BES—I5, ARERE, SEEE

71 OSE, SHEENES. SNERKE X385
CTUBIEERP CH -7, FRIGE L Add, 10HE<EH
THRISE L, Bl 3o adgSidaliFins. 1H
#% & b BEERiSAa RS L ESRENMREL, | BTTassEmEo
=3 AEE. ABSRSEEL L JCS 10, MEE 188/80mmily, Beil
51/4, RE: (DERCOESEY). 118, BERFrREs b, WEEl
Babinski &I E s 7. Ht 402, TP 7.5g/dl, BUN
48.0mg/dl, Cr 5.84mg/dl, FRESS.0mg/dl, M 133mg/dl BB
CT TR 4IAEROEIBEEERDL TH »72. HIVE Mg
7.3mg/dl EE2EBELZEL, THhhAEREEOERBELESAGH
7=, PR Mg FRiHE 200mg/H &EMUTvvie. E3mAKILIE
Ca fifE (5.4mg/dl) %BH7=2%, B Mg MEEH Ca BT
ZHEL T PTH SR L hungry bone 2 CEER IS
Sz, HE, intact PTH IRET LIRS Ca JHEIERECH 5 7.
N2 VEEHRNV Y A 20ml T EUER 1I500ml/HICTRELE
BrABEe»ricEE L Mg 2655 3REN, E2TAI
Z<, Rt FIhIBESLES ., BEEREORFLH T
3, TOERAECANEMeRREEESIUEEESEE 2
BILI 3k, BRLEDRS.
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BEERLBEOESED Y LTREESREANSNTUL Y, BESESFERLEES T 0RRLRg
THRIEIZENTHS, SHbhbONHETHOERBPREYS F2 746 (Mg) MEICESEMETEELLRE

(RN 2EMNEERLOTEETS.

FEG] 11377 55, Bt BRENSEIC L 384 ETLtnED, SRRRLEESHNHBRLAR MiFCcra.31
mg/dL, BUN 64 mg/dL, B35 Mg 7.3 mg/dL £ E§. MFEANAEE5.8meg/dl LET. RO, Mk
& MRS £ MR 250, MEET TS Mg @IHETL LA, BEBAWMICLSEEILTEE
EREELL RO MEETEEETVERLE.

FEG 2 1278 &5, rik, 1BISREET ) Vv T, THEHE T CmBRARICRRENYEC &L U BBHEAEL, £5EBRER
RUSmEEs IR L oAk 0158 Cr 6.56 mg/dL, BUN 96 mg/dL, MiE Mg 7. 1mg/dL £ LR, MHEH%3
ARER L TIT R L -,

WIhoER S Mg MEINBRAEBAEL, SEASEENFEAFEFELLVIH/ b TERESL2LLE 5
fRT 2 ERICIEBIREA R ME Mg 2R L 7z 7809, FESnS Mg AFE% & L-n$ERRELE2
BlnaCHh-1=. tofhic, BEEEEL &/ U AEAREMRD | floa4 T, REHREMEIC & 5 BRERIEAH -
fo. SEDEMNTIRIETHOERE L UBEE L3 EEETL0AEEAERLE Mg ENRR LA 60
f=. RIEL L THRIESHATHTH 125, BAHICL 20E Mg BB LRISERI UETHS.

Consciousness disturbance due to hypermagnesemia in two patients with
chronic renal failure

Atsuko Nakatsuka*!, Motoko Kanzaki*!, Akinohu Takaki*!, Yasuyoshi iwata*?, Hiroshi (keda*®?,

Masaki Fukushima*!
Department of Nephrology*!, Department of Gastroenterology*?, Kurashiki Central Hospital

Consciousness disturbances in unireated end stage renal failure are referred to as uremic encephalopathy,
which is now rare in Japan as dialysis therapy is readily available. We describe two chronic renal failure (CRF)
patients who developed consciousness disturbances atfributable ta hypermagnesemia.

Case 1. A 77-year-old man with CRF due to diabetic nephropathy was transferred to our hospital becausd of
appelite loss and drowsiness. Serurn creatinine and blood urea nitrogen (BUN) levels were 4.31 and 64 mg/dL,
respectively, The serum magnesium (Mg) level was found to be as high as 7.3 mg/dL. The calcium level was
5.8 mg/dL. He had cutaneous flushing and respiratory insufficisncy caused by respiratory depression in addition
to pneumonia. The serum Mg level decreased after hemodialysis with improvement of caonsciousness distur-
bances. However, the serum Mg level rose again on the next day, and an additional hemodialysis session was
needed.

8 HF MUAFAERESTBAWRHS - ff - N RMIBNEE T 700-8558 FLREATEEENT 2-5-1
Atsuko Nakatsuka Tel : 086-235-7235 Fax : (86-222-5214
(=6 P15 A 118, SHIERIBEILALH)
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Case 2. A 78-year-old woman with rheumatoid arthritis developed urinary tract infection which induced acute
deterioration of CRF. She demonstrated general fatigue and disorientation. The serum Mg, creatining and BUN
levels were 7.1, 6.56 and 96 mg/dL, respectively. Her consciousness level was normalized as the Mg levels
decreased after three successive days of hemadialysis.

Both of these patients demanstrated rather mild azoternia and developed consciousness disturbances during
the use of magnesium oxide. Of our 78 patients starting hemodialysis in the past two years, only these two
patients demonstrated toxic serum Mg levels. We suggest that the use of Mg can cause symptomatic

hypermagnesemia in patients with acute deterioration of CRF, and that hypocalcemia may worsen the

manifestations of hypermagnesemia.

Conclusions | As Mg toxicity is a serious and potentially fatal condition, early and accurate diagnosis must
be made especially in CRF patients with consciousness disturbances. Hemodialysis is effective for the treatment,
but postdialysis rebound of the serum Mg level must be carefully observed.
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BT REOEREE CREEEMERE <A
BT 34, BIEENEE L LESTRZORE
EREBTAERENTSHS. BHEBTERBII3E
SEEOERL L TR BEOREET Y F—¥2A,
BEgay, ZH0ER NWERESE MoBENER
B YRS NES B/ AYY A (M) MED
FOUVEDTHE. bhibhETHOEARIES
Mg U c & A ERES &2 L-BREST20 24
FlegEL 0T, YR sh 3 RETEAROR
% Mg EO®RE L XBAFREMA THRET 5.

I. &

EEL TR Bk
IR D ARET, EREE.

BF{ERE © 65 FRES IR R IR,

WEE | BREAEEEE X 2 BEBT2ORE TR
BB L Tt a3 ET A Ta» 525 HR
B, FTiEoSEsRR Lz, 8 B 7 BEEARE
fote, TOH REOETE L b CBHENELL,
8 AhaEs o AREToEHE L 2 Y, ERESEN e
LD, BEBETLE L 3FRSEEREYL L TH
BEAEAE N,

952 © L FE 108/57 mmHg, BRI 76/53, B G&
97.9°C. [EROEL, DSBS &k UM OB
i ERERSHIEELTWED, HErR TR
%mﬂf_ﬂﬁﬁtb.ﬁﬁmiﬁmﬁﬁb.?mﬁ
Er@EDamol. '

BRERERG (1) | &h, EERAMEEEDL
25, Mgz v 7 F= (Cr) i 4.31 mg/dL, RREFR

(BUN) i 64 mg/dL Thofz. £, MEFEHN YV A
(Ca) 5.8mg/dL (77 3 VHIESE 6.9 mg/dL)
LIEETH 0. WA AL TR, roomair Db &

% 1 Laboratory data on admission (Case 1)

Urinalysis Chemistry
Pro (3+) TP 5.%2g/dL iP §.2 mg/dL
g (24) Alb 2.9g/dL T.cho 200 mg/dL
OB {1+) ChE 181 1U/L CRP 5.6 mg/dL
WEC (2+) T. Bil 0.4 mg/dL HbAle 6.1%
Sediment : GOT 121U/L
RBC 3/5hpf GPT 61U/L Blood gas analysis
WBC 1~3/hpf LDH 551 IU/L {room air)
FYFAE L/hpf ALP 127 1U/L eH 7.438
JEns R 2/total yGTP 24 U/L PO, 51.7 mmHg
BRI 1/total UA 8.8 mg/dL PCO, .3 mmbg
oval fat body (+) Cr 4,31 mg/dL HCO: 26.% mmol/L
CRC BUN 64 mg/dL BE 2.9 mmol/L
RBC 315X 104 L Na 128 mEg/L
Hh 9,1g/dlL K 4.2 mEq/L
Ht 27.9% N 93 mEq/L
WBC 10,800/ L, Mg 7.3 mg/dL
Pt 21210 L Ca 5.8 mg/dL
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—e L

Mg Cr
(ma/dL) 1 HD (mg/dL}
T =435
& Jq

5
F =43
3r ) 42
2 lﬂﬁﬁ#

41
1
G (] 1 )3 1 1 L1 ' 1 1 [ N T 0

Dayl 3 10 15

® 1 Clinical cowrse (Casel)

T Pal, 51.7mmHg L {ETF L T Wi, HCOR
26.9 mmol/L THL I RAEE7 Y F—y A RED
o, RBIET7 Y F—vX, EF D7 ADE
HMmffAL &2 FELT, SERMEDS EENEETSH
ZRHhpeboIEEREERD L, KEMLS
LU s C k, 86 BENERLSOPRE
& magnesium oxide (B¥M{E=25 7 A%} Jg/34
FEh Tl bk EH» 68 Mg ME LR, MIF
MgE2HELEEZ % 7.3mg/dL. L BETH-
7z,

ABRIEEED | 226 Pa0,28 51.7 mmHg L{E»-
o de D I00%ER R IOL/S R A L fz 53, Pa0,i2 60
mmHg &0 LR+ &3, PRFE0BENA 5
. BRCTRETCEIEHigBREENTESRES
KERIFEC L 5 LB L oNFHERERDES,
NoOHALE T THRIPRA2OBLERATE S, W
BEEHONMOBENAE SO RF SNk, £12,
REEES BRBEOENE LT, BEAEREETS
T DEERMET o 8, BREFRE& 6hihois,
DFETERECHEZSEE I RIF T, TARRE
DEREEELED s h, S ->HELTFTR2OFERL
hotest, LEHTQTERREDI:.

ZLRHOELEE, FEOMI, TRTe, QT ER
FARRESMeMfEk X250 LFL 5hizich, AR
L HMEEERTE 2.5 BT LA (1), #4754
PF—lF PP EF— MECIMIER L, HIFEN 100
mL/min & L7, BifkimE Mg {81 7.3 mg/dL &
& 5.6 mg/dL wiET L, Citioff- CERRRRS L U
BEabEspois L i, DEERoMEREho s,
on¥E Mg EHEH6.0meg/dL e HFEEL, BBl
6.3mg/dL &4, 2 EEHOMOKER=Eifc 2.58
T - fo, BIRME Mg fHid 4.3 mg/dL 22D, £
OEFRaETLR, MEFMgEOETL SO0

EXD QT EXFFR XL, WEROBRIZR-TH
4y, Cr 3.21 mg/dE, BUN 38 mg/dL £ ToEL
2.

EF 2188 K

iR 2 S HBRR REBES.

BE{EEE | 26 4% © DR EEEMMA, 9/ : O
HEBRH, 53R X EE ) v <7 & UEMEREM
#,

BEEE  FATY & v F D o prednisolone 5 mg/
g, loxoprofen #RHARIBA L Tk, HREFR
w3 EEL NS Cr 2.0 me/dL BB OFHERS
PEESLTY: 20009817 BEHLAEKRA
B, RHIRSMTHTOHTHAELRETH - 45,
R 10 A 1 8.1 0 FEIRE, 22BN, RUBEE
MHELE, &7, EE - REOPES & U X &
BETHS ~mEPEEs A Cr 5.7 mg/dL., BUN
05 mg/dL & BT L TB Y, REFERES
FhhiE~Bhrahi.

B FR140cm, K E0.2keg, [ E 136/64
nunHg, JRfE 68/4, B #0837.2°C, IRpEEE &
HY, DEEELL, EHEEE, TESLL. T
REEEEDI,

RS (£ 2 | BB T EFQME, Cr
6.56 mg/dL, BUN 96 mg/dL, # Y v & (K) 6.0 mEqg/
L L BEOBBERS, &5 K MEEED k. £4, CRP
B 11.2 mg/dL EEETH -z, 11 Ca 1 10.5 mg/
dL (P73 VHETEE 1.6 mg/dL) L EETH -7z,
MIEEA AT, room air ©Pa0, 75.0 mmHg,
PaC0, 4.9 mmig LFERRBEEREELTSEY,
HCO, i 28.2 mmol/L CHRHET7 ¥ F—-¥ A BEDH
ginoi, REARBETS -8, RibE QMK
REHFED, LBETREESFEHESAY B X
BAETIROIRE, 63.5% LR D D, BEORD -
MR8 bi:. BNMRITREERELED R
ol

BEESREET v F—v A$E Na i, H1IER
R ENBH S NBVREER bbb & FRUSES
28 1l T b PIEANE T magnesium oxide (=4
FyzA®) 2g/ADRFEZO Tl B ¥hs
& Mg WE£ Y, MFMgE2RELLZEZST.1
mg/dL L HETH-T:.

AIR#AED : £SESRPRLREEORELLT
B Mg ffEs & CRETTL0AMEEMNF LS50
=iz, MEGER + 3 BRER L THETL 2. MiE Mg
{Eix 3.1 mg/dL ¥ TIETL, 20&HKR4 KIEE{LLE
(2. #8, F47F7A¥F -9 77—1+E0.8
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5= 2 Laboratory data on admission (Case 2}

Urinalysis | Chemistry

Proa (-} ] TP 5.2g/dL Ca 10.5 mg/dL
glu (=) Alb 2.9g/dL Ip 6.2 mg/dL
OB (14} ChE 105 IU/L Mg 7.1 mg/dL
WBC (24} T. Bii 6.3 mg/dL T.cho 200 mg/dL
Sediment GOT 13IU/L CRP 11.2 mg/dL
RBC l/hpf . GPT 31U/L HbAlc 4.9%
WRC 20~-30/hpt LDH 288 IU/L
HFMEE 9/total ALP 408 TU/L Blood gas analysis
R 1/total yGTP 63 IU/L (room air}
CBC UA 44mg/d oM 7.408
RBC 23710/ 1L Cr 6.56 mg/dL PO, 75.0 mmHg
Hb 7.1g/dL BUN 96 mg/dL PCO: 44.9 mmHg
Hi 22.5% Na 129 mEq/L HCO, 28.2 mmol/L
WBC 9,600/ L K 6.0 mEq/L BE 3.5 mmol/L
Plt 14.9 %104/ L. Cl 84 mEq/L
- S ERRECREETEORE, MANEER LS
@gay B4 B gy OETIEANE RS S RET I LR
17 17 J: 2 -Cl Eiﬁﬁﬁl ﬁ%@i %Et%jj{g?! ;F%u %A’
6¢ 16 ERVEEREREETAEE LN TS, RERE
5T 13 HISEOHB L EEZEMECEEZOL DRHALS L
47 14 REMEIT R WA, SERMEOCETHER, HEFN
3r 13 RO - ERLEET 3,
2p k“*‘*“ﬁ 12 BHETLESOBRESORE £ L CRBERNK
1y 11 ERE ST B, BIRESERLLEST
I WERBEALRT S s THBSN TV 2ERIR R

2 Clinical course (Case?2)

m2 %R L, M 100 mL/min, 1 E 2 RO RS
FEfFoik. | HEOBFHE R RLSEENYEL,
Mg EDET Lk bIcBRBRLHELL.

§ 7=, AbEEE CRP BT, RPOEMFFSHTH
2= bbb FSRERIE L EBRTL, levofloxacin 5
Lz, wihbERE{LLEL FETHLLE
kU S EREROREINRI & 3 SRR
Mg P D SMEELELOEBLONLLD, HE
SEEEe kL, REERCHT IRRERRET
ek B, Crifil.43mg/dl ETHELI,

m & =8

BEEEEMNET L THRABTEEES L, wb)
AREEOERC L VREEREERYD, SETER
ERMLET 2. REEEMED 20—DThaH,
EOVEOENE L 20 TR, il RRHD
(BT, IEHEEEOET, Na/K-ATPase HEDOET,

vhHD. 2000E1 FA~2001 12 A0 2 EFc LT
7w RN 21T o 7 93 RN O EITEI AR D Cr
I8 13 11,413, 17 mg/dL (F ) fE£5D), BUN &
108.8+30.6 mg/dL TH 248, BorLBRREEE
L7 S i BIERT 45 1 B, sehEE 2 B, {EnEE 1 41,
SEOFE Mg 05 2 Flost 681 (6.5%) T, »wihd
BEEEMEMMIC L350 ThH . —REERE
E2 & T ELORSERETR, HiffHR, #E,
WAk, REE7 v F—-vA L 3BERE Soir
BEELMOLEEREMHE>TwiEaBY, LA
#HoT, chboeHERefbinETrERBWT
ERREESED o BB, TORRL LTREE
RN D, 22 2 TEEETEAEY, EREER,
BEw L3 MEREE ENELORBRELD,
72 AthE, HEDE BUHEEE BRE
gEslE M, 2AMEITNE, sulpiride, metoclopramide
ke OB KAE L LR ERT 2 UNERNH D™, FE
O LEFTR, HENETEOBENEN I LD
STEGEENZD N, 737 AHARIORAR
a5 Mg MiEAFEHNE.

Mg 4&ERATLERE, £LHMRARATIR2EEHR

bt AT e e il Ty
A -

e AN e e, Som oo
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% FEET BEA A>T, Fle 10%33, Miar 30%,
HIRSSLHRT 1,39, MEER I b T 0.2%FET i
FE B, Mgh T, HEEE 5%, BEaEaH 32%,
ZoffEEE: L TRYEET 5. 11F Mg 0y 70~
B0%HEHERETEIAS N, TD S B 20~30%AEALIR
E T, 50~60% AN L — T TERR S5,
EETRE R BBEOETE> TRFELA 70V
&3 Mg HHESSAIT 372, Z7VTF=YIVT 7
> 24220 mL/min BTz 3 & CHiF Mg BIRIEE
C#EBsnS, 2VETFLEBTR2ESWTHAFE
Mg {&EH 2.4~3.6 mg/dL. FEEBRECEBEL LB L
EikboTh, Eies Mg 5 shiPhdEX
L E Mg RS kIR, BEMg
BITFHEEET E Mg 0RFIERSHEE L THRET
24, WRTFEOBECS TS Mg OREBER Y,
{5 5 DBEEENFERTH B T LM
© EERLRSROMISENTEA 03 EHo 3 5, BAHE
BB mE Mg ER2AIEL Tk BHTH 7
2, ZORHTCHEEERMHEERT > THEENS S Mg
18 5 mg/dL LI EDEFIL, a0 2 HO&Tho .
BEIDOEHEAEO @R Cr {81 11.23+3.16 mg/
dl, BUN 104.3+36.6 mg/dL, HCO,18,7%3.98
mmol/L, Mg 2.42+0.92 mg/dL TH D, SEDTH
EE{ETIZ b ndb &6 FE Mg E X HEHEMET
ol g, Mg BFIOARED S SR 4 HIT,
WTRSBTHE LTAFEZT Tk, E5 1, 2
B0 2 FERIE, %57 magnesium oxide Bk~
2y A® 1 5g/HE=S 5y 7 A9 1g/R) 2R
RLTHYD, EAR Mg {EI 2.6, 2.9mg/dL THEX
@ Mg MER & S hitdhad, MErd, BEREERE
TFThpid Mg BERLPT WA, MgEF2REAL
TwTh, SHEABRCHESOR Mg MECEST
BRI Ay, —F, Mg BFIOFERPEBE2 LR
£ o> TETEAEHEEL, Mg fiiEnomrli)
niE, BREREEIEELE Mg MESSLTHO
LEZ B
& Mg iEMETT 5 L, FOBERLES>T—
HEOER, BRMAHEY 3™ MiF Mg {548 4~6
mg/dL £B A TRACHERT 5 OREMNE, BS, &
o, EEOWL, B A voARYTHE, Zhb
DERO W OrREEOFERITEMLTEY, &
7, BFRLOEERF LY 552 L ZEENNE
THa, BbE Mg MENETT L, BREOM
sipes, RWRHHET, #IR, SIRMETIEIR, ki
&, BE OEEEELT.
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Abstract

We report a case of hypermagnesemia in a hospitalized pa-
“ent after prolonged laxative use; due to preexisting impaired
consciousness and digestive problems, the hyparmagnesemia
was diffieult to detect until it almost became fatal, A Gd-year-
old man who was a patient at another hospital for treatment
of head injury and gastric uicer had developed circulatory
collapse and was transferred to our hospital. Hypermag-
nesemia (serum magnesinm concentration 11.0mg-dl!) was
thousht to be the cavse of the cireulatory collapse and treat-
ments were suceessful. A magnesium laxative had been ad-
ministered for more than a month at the previous hospital, but
the patient’s serum magnesium level was never measured.
Cars should be taken when a magnesium laxative is adminis-
tered to patents who already have impaired consciousness
and digestive problems that are early symptoms of
hypermagnesemia, '

Key words Hypermagnesemia - Bowel hypomotility + Head
injury - Normal renal function - ¥axative

Case report s

A Gd4-year-old man (height, 158 cm; weight, 47.4kg) was
transferred to our hospital from another hospital be-
cause of circulatory collapse. He had no relevant medi-
cal history, with no renal dysfunction, At the previous
hospital, he had received treatment for a head injury
for 6 weeks,. though slight conscicusness disorder,
of Glasgow Coma Scale (GCS) 14 (E4V4M6), had re-
mained. During the course of treatment, he had
developed a gastric ulcer and often vomited, He had
complained of constipation ail the time during this 6-
waek period and had been given 1.5g-day! magnesium
oxide (0.9 g-day-! magnesium) for a month. Despite this,
the constipation had continued. On the day before he

Address correspondence to; MLEL So -
Reeeived: July 31, 2006 / Accepted: December 6, 2006

was transferred to cur hospital, he had complained of
abdominal pain. At first, he hiad been treated with an
enema, for constipation, and a small amount of stool
was excreted. But his abdomen was hard and disiended,
which indicated acnte abdomen. Though an electrocar-
diogram (BCG) during his first admission to that hospi-
tal showed a normal sinus rhythm (Fig. 14), ECG
on the day before transfer showed heart rate (HR) of
72bpm, with complete left bundle branch block; the
HR was slower than expected, and hypovolemia due to
acnte abdomen was suspected (Fig. 1B). Meanwhile,
impaired consciousness and hypotension had developed
progressively, resulting in circulatory collapse, and he
was transferred to our hospital. When he was brought
to the emergency room, heé was in a state of pulseless
electrical activity, and cardiopulmonary resuscitation
was performed. One mg of epinephrine 1V was success-
ful in restoring circulation, but his ECG showed junc-
tional rhythm of 50~-60bpm with muliifocal ventricnlar
premature contractions (VPCs; Fig, 1C). He remained
hypotensive despite having received 30mgh™ dopa-
mine and an infusion of 2500ml saline. Echocardiogram
revealed that the left ventricle was small in size without
agynergy, which indicated hypovolemia. His abdomen
was hard and distended, and computed tomography
showed megacolon, and free air was suspected in the
intraperitoneal cavity arouund the prostate. Laboratory
examination showed hypermagnesemia (Serum magne-
sium concentration, 11,0 mg-dl™), renal dysfunction, and
systemic inflammation (Table 1). Because hypermagne-
semnia was thought to be the cause of his bradycardia,
850mg intravenous calefum gluconate was adminis-
tered, and he was admitted to our intensive care unit
(ICU) to prepars for emergency surgery for suspected
gastrointestinal perforation. In the ICU, 8500mg intra-
venous calcium ghuconate was administered to anta-
gonize magnesium, and glucose-insulin therapy was
performed to shift magnesium into the intraceilular
space. EHis serum magnesium concenfration decreased
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Table T. Laboratory examination of the patient

Previous hospital® ER

ICU {postoperative)

Rig, 1A-D. Elzcirccardiogram of the patient (lead IE), A First
admission to the previous hospital; B in the previous hospital
just before transfes; € after resuscitation in emergency room
{ER); D recovery to sinus rhythm in the operating room. HR,
heart rate

fo 8.6mgdl™ 2h after his admission to -our hospital.
Then he was transferved to the operating room, al-
though his BCG showed junctionat rhythm with multi-
focal VPCs. In the operating room, volume loading and
forosemide administration were effective for magne-
sium washout, and his ECG recovered to a normai sinug
rhythm (Fig. 1D). Serum magnesinm concentration at
that time wag 7.6mg-dl-. Surgeons found necrosis in a
large area of the colon, without perforation, and a co-
ostomy was performed. He was readmitied to the ICU
postoperatively. On postoperative day 1, he recavered

Mg (L.7~2.6mg-di) — 1.0 7.4
BUN (8-22mg-dl) 11 44 re)
Cre (0.5-L1mgdrY 0.8 28 21 -
K (3.6-4.9mEqi) 42 51 a7
Ca (0.0-106mEqlt) . — 8.7 10.6
Ca?* (1,13-1,3Zmmol 1) — 117 1,40
WBC (3.6-9.6 X 10%ul) 322 20,7 43
CRP (s0.3mgdlY) 04 161 163
Figures in parentheses are normal ranges
sDay hefore transfer to our hospital
ER, emergency room; ICU, intensive care unit
& consciousness, to GCS 14, which was equal fo the level
. .shown in the previous hospital, and extubation was
] R N done (Fig, 2). On postoperative day 2, he was discharged
LA AR AN EA A A A A SN from the ICU with his serum magnesium concentration
HR 926pm forther decreased, at 3.2 mgdl-,
B Disenssion
i \ ) . There have been many reports of hypermagnesemia
P N A R T cavsed by magnesium laxatives {1-3]. Most reports de-
AT R i seribe outpatients who showed some kinds of symptoms
. % HR7Hpm  of hypermagnesemia and were admitted to hospitals,
while thers have been few reports of fatal hypermagne-
c Il semia in hospitalized patients. In the hospitalized pa-
tiznt deseribad here, hypermagnesemia wasnot detected
3 1 i : = until it had almost become fatal, because his preexist-
et T ﬁﬁ,‘x,-._..‘bﬁ T ing symptoms—impaired consciousness, nausez, and
) " m §0bpm vomiting—were similar to some of the early symptoms
of hypermagnesemia, Hypermagnesemia is character-
b ized by the progressive loss of neuromuscular, cardio~
vascular, and central nervous system function. Nausea,
voiniting, cutaneous flushing, lethargy, and hyporeflexia
HR 100bpm  are usually the earliest symptoms, and the clinical mani-

festations are correlated with serum magnesinm Jevels.
The clinical picture of hypermagnesemia is nonspecific
and may be similar to the presentation of meny other
syndromes—sepsis, bowel obstruction, ethanel intoxi-
cation, and primary central ntervous system events [4],
Consequently, the symptoms of hypermagnesemia tend
to be easily overlooked. In fact, becanse our patient had
impaired consciousness secondary to head injury, as
well as bowel hypomotility, the early symptoms of hy-
permagnesemia were masked until circulatory collapse
had occurred. In addition a2 symptom resembling septic
shock, due to the abdominal lesion, was a confusing
factor,

Hashiznme and Mori [5] have claimed that hyperma-
gnesemia is easily overlooked, They measured serum
magnesium levels in 6252 patients and found 51 patients
(0.8%) who had hypermagnesemia (serum magnesium,
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o - ©  Fig. 2, Clinical course of the patient. The
1 2 3 [day) vital signs became stable after the initia-
Dopeminetmg/t) {70 'S ] E;u‘?l:h o[f theg[-apg for hgpermagnesemia.
N Ith the reduclion in the serum magne-
Narepinephrine(mg/k) sium level, the consciousness (cons.) Ii?lﬁ
G-I therapy [ ] improved. SBP/DBP, systolic/diastolic
) blood pressure; HR, heart rate; G4,
sérum Mg(me/dl) 10 86 4 49 32 glucose- insulin therapy; GCS, Glasgow
Coma Scales ER, emergency room; OPE,
cons.level{GCS) 3 . 8 9 14 operation

23.9mg-d!"Y. Though more than half of these hyperma-

gnesemic patients had renal dysfonction (60%) or had.-

received magnesium preparations (data not shown),
most physicians in charge of the patients did not pay
attention {o the serum magnesium levels. Even when
they realized that some symptoms of hypermagnesemia
were present, they fended to consider that the symp-
toms were caused by an underlying disease.

The canses of hypermagnesamia are, theoretically, as
follows: magnssium overdose, increased absorption,
and decreased elimination, In our patient, the hyperma-
gnesemia wag ativibuted to a combination of thesa fac-
tors; that is, Jong-teym adminisiration of a magnesivm
laxative, preexisting bowel hypomotility, and acute rve-
na) fajlure,

The total amount of magnasinm laxative used seemed

_relatively excessive for him. He had been receiving
0.9g-day of magnesium for a month. The maximum
dose of magnesium set by the Fapanese Pharmacopoeia
is 12gday! (2p-day magnesium oxide), Therefore,
the dose given at the previous hospital (1.5 g-day! mag-
nesium oxide)} may not be have been excessive. How-
ever, the magnesium administration was continued for
a month without any effect on his constipation. In con-
sequance, his serum ragnesium level increased insidi-
pusly. Nevertheless, his serum magnesium leve! was
never measured at the previous hospital, The magne-
sium administration should have baen discontinued
soon after it proved to be ineffective.

There are several veports of hypermagnesemia in pa-
tients with normal renal function [6~8]. In these pa-
tients, there was often underlying bowel hypomotility.
It is reported that prolonged contact of ingested
magnesium with the mucosa due to depressed bowel
motility or mechanical bowel obstruction Facilitates the

absorption of magnesium [4], Hypermagnesemia itself
may have confributed to intestinal smooth-muscle dys-
function in our patient (9],

Another factor which contributed o the hyparmag-
peseémia in our patient may have been acute renal dys-
funetion, which would have decreased the elimination
of magnesium. Most patients with hypermagnesemia
have renal dysfunction [10]. Our patient did not have
renal dysfunction until the day befors transfer to our
hospital {Table 1). The hypovolemia due to ischemic
colitis and the circulatory collapse due to his hyperma-
gnesemia may have caused acute renal fatlure. His
serum magnesium level the day before transfer to our
hospital may have been alveady hizh due to the chronic
administration of the magnesium laxative for his refrac-
tory constipation.

Hypermagnesemia can bz fatal if early symptoms are
overlooked. Therefore, we should know the symptoms
of hypermagnesemia, and close observation should be
done when a magnesium laxative is administered to
patients who have factors predisposing to hypermagne-
sernia, Regular checking of serum magnesium levels
is advisable, especially when patients have persistent
constipation,
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BRTRORMERICLY, BREES. HEEREEZEILTARL R, ERCRDE
TR EPoEBEM e fUED 1 BIZRETS. 64%BE. BERMETREIELE
BEOBREEZTCONER, BRER (T av7) 2R LitkdERicifEsh Tk,
EM g iE (fRF Mg BE : 11.0me/dl) B¥a vy 7 ORELZIIERL, HE LR,
ZOBER, HET, BTALLTCMgBAZ 1,8 MJ:&-’?-&‘:?LTN?LW T DM
Mg BERAIE ST aRMoT,

" Mg i OEMEIR CH 5 BRESOHRILRER 2T T REK Mgﬁi%%ﬁ%‘:’ﬁ%‘-‘?‘% &
BREFFRITREZER,

FEW : 64 BB

va v ZRBCREFASBESh (&, B8E. BETIREIR2L.. BES b
fro BHETE. MET, B/MEOREE 6 AT TRV, BEOBRBRESMRVTWE,
i, BEEEZREL, LEVIRELELTWE:, o 6 Bfol. EfREFLaTiy,
BMb= 73U A (Lsgday) %17 AR TRESHER, EFEHENTWE,
A~ SR, BFREEERA WL, B, BBE &h, 2EOSHERDH-
fre LOALESEEBEHRLCAEEEZEL T, SIEMZHROECGREE Tho
72(Fig.14), HEFHDECGIX, HR72bpm T, S2RHTa v 7 R4 bh, HR OET
& RIEEER X AERLEERSREDN: (Fig.1B), RECEREEE L MFEETRET
L. a3 v Z7HREBICHRD, YRE~DOHEL Rol,

BRHESBICEGAESREAEE, MEEORBIH Y., MREBERRETENE, =¥
RZ7V v Img FRELERECGHE: . « « -

F/¥3 Y 30mg/h & 2600ml DEERSIZTHEMEREN, HDZa—iX, EhLE. » -
BERIEBERL. 2 — s MERE TEBOREIRELZRY., FINBRORA Y OiEkE
iR OiFEREDbNIE.

HEDRERIL. A Mg MAE (I7F Mgi11.0me/dl) \BFR 2, 25 EREER LTz (Tablel),
7 Mg MEMRROFR L 22 bhiich, A28 Ca 860mg #HIREN L. Bbh
TEBRERLCHT OBRSF M HEL TICUAZ ook, ICU T, Z 2 Ca 850mg

FEEL, Mg 2HRENICY 7 MEEIRBRING—R S oa ) VRERE L,
i Mg 12, HBEAPRE 2 RREEIC 8.6mg/dl £TET Lz,

ECG tX. multifocal VPCs Zf- 7 junctional rhythm %75 L7z, FHFREE Lk, F
WETH, BEEZAR L, Mg OFHEBHT7 oI FE#ELE, BCG IREEKELE

(Fig.1D. Z® & & OMufF Mg X 7.6mg/dl, BRI LY, REHOBEERELERDE. 2
FidEhofk, ARILMZAIRR Lz, ICU IZED., 1| BRIECHERICELEEDL~UVE

TEMRBPEE (GCS14) L, HERDHok (Fig2). 72 B, I Mz iX 3.2me/dl I
ETF L. ICU M=,



Discussion

Mg B TAIC L 58 Mg LiER, S 0BERHS [1-8). £ OHA. B Mg IIEDTE
REELERERBERICECATRTWB A, FIZIEARBE THRMNE Mg fifE28
Z Ll b BEENTVWS, 22 RBHEFTIAREEE. & Mg ILECTEER CH SR
BEE, BERIEERH o, 1FEAPEHHERSETH Mg ILERRMhnihot,
# Mg MIERE, #2455, L0, PiERRREoRBREENTHS, IBEXREY. XEH
M. MEER. BERSHE T s & OWEIERII I Mg BE L BT 5. & Mg MUED RS
BESC, R, BES, TAao-dE, SEEERERE VS OEREIE TV
BARDD (4], foT, B Mg MERREL ShRBTHS, BE, FEIHENME
I T 3 EREESE Mg MECTEER THIBESHHERETREZ 2 EC&A»
Niadof, M2 T, EHESE LUERS/ERLEBIAER th o=,

Hasizume&Mori (5] 135 Mg MEREFICRELShE 2 E-oTW5, b 6252
ADBFOME Mg 2REL, 51 #l0OF Mg fE (¥ Mg © 3.9mg/dl BLE) BHFRWE
ELTwW3, ZhbE Mg IEREOEHI EIXFARE (60%) BH v, MgEA (F—#
L) 2REIRTWER, LA LOERERME Mg EiciEB LTWhiahok, B Mg

EOEHRIEEMW TS, ERRRCERTI LBLRLTHS,

# Mg IEORRIZ, BEHITIE Mg OFER, ®RNB L UHHECET TH 5, REH
OE Mg fER, h b ERRER-T kD LELbN5. TROL M ETHOERRE,
FELEERERETRICENEBTERER D tELBIA,

BEZNT Mg BTHOER, BENSE - BbD, FEFIE. 0.9g/day ® Mg
215y s sh T, BERERH TR Mg OFSEER 1.2¢/day (MO 2g/day) & X

hTn3, FETHEENEBE (Mg0l5g/day) BMETEHRPoTFN IS, ERC
HLTHEBELNAVEEERE LT bhis, FOEE. E Mg BREA0nEER
{ ot MERBVCE, 0 Mg XM bh3 - & iledof, Mg Q5. DERE
NWEHHSERFAT, EPRRREFRETEChHoT,

BRI EE RBA COLE Mg lECHERV o»HD (6—8l, ThbDRFETE
LIZLHERREBICBHEEES (bowel hypomotility) A& bhiz, EHichbE3TERsh
7o Mo &3ROS ES H BT S EREHEERESREET S (4], B Mz fUEB#,
BOFRGBEEEL2HETS.

FIEFNC BT A ImiE Mg EORBRICBRELEEMOER & LT . 2E0FTHETRERHY,
TR Mg OHEEZETSRAELEZLDND. B Mg ILERE DL REEERE2E-T

C W3 [10), FEFIYRICERT 5 CRBESEERIIRNo% (Table 1), BlfEXiE
R L BEBROIFERDOE Me it L 3BRETLRAMOBFRLEEI L EL bR,
FEEFIO MIE Mg i, SB2icE 3 BEhc., EaEERIS LT Mg B TAIRERE Shisti)
Teie®d, TTRBEEkAoTWeEELLLS,

" Mg IER, FEEREREL T L. AL 2D, o T B Mg UFER 2700
EREZFTHREIC MgBTHEZRST D & 21X,/ Mg EQCIERZ5 Y EEIZEET S
MERP D, MiF Mg OEHMOHER., FCEEREBOBEORAI. XETHA,
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C-28 BYI/AYVLNENEREEN-Eebok~f

ERETERLRE KO
W OE LF B, AKHDE AR 3
GUSEHT, MR, WIn%-, AR &9

 BREEORRASHTHS, SRR, SHBTLL M) Mgl I H RS~
B o R L,

ERST4E, B, BREERRC TERARCROEEL L BBV VETHY, &
BIARIVARRRG, RERIRET - RUAET - DR ) hna) K- MR,
EREEORT LG BUN 164 Cr 5.6) &..'c%lsn%o

KbeRGCS 4ELVIMY), I 92/68, iikkH: 88, BUN 156, Cr 7.4, Na 164, K 5.5,
Mg 6.5, HI¥WEER 386, WA ALA pH 7.36, Pa02 77, PaCO2 44, BE -0.6, B
BEOFE, Bk L3RI, BEIENE, BEEEE. RINENELbAL,
MRIC THBRES, L, AREY, CallSSCTIRERE 352, Mg SALEFLL
B, BRVAVREE, 70 wh- Va5 LIRS 0a8E ET 480 00R i,
HEERE 45308, Mg 450525 ETLERVVOYED Y,

FEAR, HECERCHLBLY/AYYARARLTEY, ARERSI L 58Mg
NEFEREEO-RLZ2 b0k, SEERECEIEMIER VT, XBAEER
BHTHET 3,
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fipg s, :
[ CHC] BEES Mg MERTAFREBIEINEAENMgiZES £ T2 5
RLANAIEHFTW, —HETEOLWwWEMBRECRERLFERLT
Wh, RIECREBTEAESFDEREES Mg T E5R L e IFHEF
TEFHEVIBHIEDLDR D 2/, BAREDLWEBFLEE L LEREES M
IS DWTHET L, [EFN)6IEEE MEERRE, MEEI a5y —
DS BEE AR — 4 AT, ERERTELCLYRARESAL,
MBENUREFACK T LEREEMOWEEND o/, BEEHSEIIHLT
E2{E Mu2.0n/day A H S NTHE Y, MFEMe Tmu/dt EBETH 72, &
N 2 BECaSF IS T Mgl ER (L LERIZELE L A BalErRRSECHE
BESYEHET Lt RE0EROMENFNEL S, [Eflssaait
A SRR L EEENE~AL =TI L2 TESHREO L OREAKSR, &
HEE, BME, BRFRIETE LSRRI e, RUHlESEL
FE M2 0g/duydT S5 2 CTHB R, fiEMe 6mgldl L BETHo 2, &
b 3 ERCHFFHES THIAMgd EE L LERISIFH & o o, HFRMIEK
L ABFIESORTER Y > EEE0BEIER 6/, [EF3le3E
By HUsSHEEOLHREARDG, THEE, s, BIRPEBIET %
Erf-LEBEASSENR, HEBEECETHICHBR L ASKEARISmEE
AET L, HEMBEE LB Me2.0y/ BHIEE S TH Y, iF Mg
24 8mg/dlEFHHUTH - 70 EREMEARTVRBERBCLL, BEEAL Y
ADMEAEZ o, [(FERUHEEIMeBAIEM S OHERT L
FTRLORFREH Ll TLEMglEET RIL I B, @I MglEERE
Fhivgds, {Em/E, RMEMAETSEOSMMFHTH S,
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SRR AR ~0 3HS (FEH. SART=IRT 7 A) BNEIZONT

EROEEICNTIELATEY, ZESBLRFEZBOARBERL TY
BHT, HEFICH LTE LWESREZITY., BHEEFSTORLOBESET
SERLEDLOHBICESERROBRZITIZ LN TELILH>ILTEHL L
HE9E LT, ¥aEl 354 H 1 B EESBREMHESER I,

COREBRBALFED YL, EEFERENED SFBREBIE > TEE
DB DBBORTFEITY [HEEBEBEM TOoVTE, 14083 .
SRTNVORBEENEBITRICEESNEY, ABEZBERRESN 2D
ERYOETHIY s IRTAEDONTD, [TR2LONGIERBREESLRE
T, BIEMERTTDALELBUETHS] LENTWVWEEZATHD,

G, COBNEREEAZ, FH16F3A 25 BMUT. BREEESEETH
BIO—MERET 244 (BR1 6 FEEHHESEI 78, UT IKELH]
Evh,), FBEEARORTICET S EEO—RERET 54 (Bl 64
BEESEEERE]L 255, UT UERBEBERLFTEE) 21n),) BT
RERTEBEO—MBEPRETIHE (Bl 6 FEEFZBEEREL 265, U
T IRERERTREE] 2W3,) BENENATEN, EEEEEL RO
TRBHESOEENTEIEEDET] OELrsRERSIC. RAE4H1H
NHHEH, AR/ RV TV AD SRR EBEMEND 2L o2 ATH
3, FOREAFLERTROLBY THADT, BTAD L, EERNERELS
AT ARAABERHD, FOERIZY - TIHERZE LS BEVWT A,

C Ee, BRICYUE o TOEEREIZ2WT, §lE, BETA L LTINS,
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3mg~15mg
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ORBICEE LT, EBROME
BRI OFERRTT,
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TABENRHVETOT B
FERC2LRAVWLIEEL
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0.5mg~5mg
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R RERAREOFEREET T
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KEESD D, BEROEERRORANSALATEFORS NERORE
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B3 ((REES] BR) Lebic, [RERSOBRNRTEIEDR
Rl BEVWEORTR, SUBEORT, BLENEEORT) BMTL2E%ES
TiHOLBOEDDHZ & (IHEXRERFEE) BR).
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100kcal

NHOEEEN ETHDZ & BEEE, konPhhoEEEN B
ThdIt
A% 100g Y728 A 100g Y7 b

() AR, Ry
AR TES 100ml =0
e

100kcal

3.0mg (1.5mg) 1.0 mg 1.5mg (0.8 mg) 0.5 mg
0.5mg (025 mg) 0.18 mg 0.27mg (0.14 mg) 0.09 mg
75mg (38 mg) 25 mg 38mg (19 mg) 13mg
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D Rtk RIFEES S

ROy REEENRED DN COARIMIL, SRS RE - REERICHEHALRThITRBR
by,

TR 2 DNA EIRIC Lo TRLNEMEFIRL CEESh I ThHHE R, B,
B4 SBREREDIZLEFEDFREEL ROARPREN IO TRITNIERBRN,

BRIE~T R TN

Magnesium Ozxide

MgO AFE 40.30

magnesium oxide [1309-48-4]

a8 REEBRALLLOX, B/ R AMg0)96.0% 2L EEats,

MR AR, BEXIEEROHEITRTHS,

FERRRER A& lg CHEBR(1—4925m! 2N CENUEIRIL, <7 R MEDRINEET S,

(1) ARTEY 2.0%LTF

ZRfh 2.0g ZED, 7K 100ml 2%, ABH T 5 SEMEALEE, EbicAET3, BtE, A 25ml
ZEY, KB P CERREETD, BEWE 106°CT | BEERL, 20EELED,

(2) ERTEY 1.0%LLTF

A 2.0g ZED, 7k 75ml 2Nz, EHEERADL, FRLL ERITRARECEBREREMUEE, 5
SEEWRTS, B, BESTAARG E CYCAEL, AR E0BEEME RSBmO R SE
B ETRTIL T, ARLEICREL, BEMOEETED,

(3) TEEET LAY ODAE 50ml FEY, 2F Lo RBE 2 HE %, 0.05mol, /1 FEER 2.0mi 20
ZBLE, KL, REFETS,

(4 BELERBE PhELT20pg/ BT

A5 1.0g ZED, HER(1—4)25ml 2 TEML, KB HCHRRERL, BRETEICEZYE
LB TERNERISTS, Zhick 20ml 22 CEPL, FRRCRRBEELER, BEWITK
20ml ZINZ CTEMNT, BDERDNIEABL, BER(1—20)2ml ZUYKEINZ T 50ml &L, RiELT5,
BBy, SnAEHEI 2ml 2 EREICED, EEEX(1—20)2ml X UVKEMZ T 50ml &35,

B) BN TN LB%ELT .

EEED AR 50ml ZIEFEICED, AKREMZ T 300ml L, HABREKQ—5)0.6ml 2%, EichY
T VTR (3—10)10ml, KE{EAYY ATEHE(1—2)10ml 200X, 5 SHBREBLER, Iom
=Ty M AT 0.01mol /IEDTARE CHELEETE NNIERERN0.1g), FOBEES bml
&8, RIE, MORKBREEIHEEL THFALRBLELL, KRITIVEEEZRD B,

BRI A -3 2(Ca0) D B = ((b(ml) X 0.5608) /St DEE B E(2))(%)

(6) B3 As,0,¢LT4.0ug LT

Ak 0.50g &Y, BE(1—4)5ml ZM2 TENML, BiKLT53, EE B +AW3,

HREVRE 10.09%LIT(1,000°C, 30 )

EEE ARMERAL, T0OK 0.5¢ REEICED, /K 5ml THEL, HE2 10ml LiEHERER 10ml &40
Z, BEr I CHe L THRL DML, BER BEXSHED Thb, B 10 SFENEG3, B8,
JE7KH) 50ml HIEEER(1—2)5ml 0%, PLNEALTEBICEENSWTHAEG E CYTtABL, 2Kz
FKEINZ CIERET 500ml L, ATRE$ 5, AVE 10ml 2 ERICED, FMZ T 100ml &L, 7re=
T BALT sy AEETE (0H10.7)5ml &4 7ahT Sy T 3l 2 4z, EHIC 0.01mol
/IEDTA BIETHEL, TOWHEE anl 23R 5, AL, BOFARERLEALELTS, HE
HERG)TEEHEEE ml RV, KRV EEERD B,

B < 237 AMeO)D & E=((a—0.2b) X 2.0152), /B DEEE()(%)
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