307

Arsine toxicities by inhalation and percutaneous exposures

A2 . ' B2 ‘ S c2

Fig. 3. Histopathological findings. Hematoxylin and eosin (HE) stain. A-1: Kidney of a mouse exposed to arsine gas by whole-
body inhalation. Eosinophilic globules in the cytoplasm of proximal convoluted tubules (arrows), and eosinophilic cast in
the fumen of the distal tubules (arrowheads). A-2: Kidney of a control mouse. B-1: Liver of a mouse exposed to arsine gas
by whole-body inhalation. Eosinophilic globules in the cytoplasm of Kupffer cells (arrows). B-2: Liver of a control mouse.
C-1: Spleen of a mouse exposed to arsine gas by whole-body inhalation. Eosinophilic globules in the red pulp (arrows).
C-2: Spleen of a control mouse. Bars indicate 50 pm.

Table 2. Histopathological findings in hairless mice exposed to arsine gas by whole-body or percutaneous-only route

Route of exposure Whole-body Percutaneous-only
No. of animals examined 4 4
Kidney NS
Eosinophilic globules: proximal convoluted tubules (;)
Eosinophilic casts: distal tubules ?
(+~2+)
: - 2
Eosinophilic casts: Henle’s loops )
Liver NS
4
Eosinophilic globules: Kupffer cells +~24)
Spleen NS
4
Eosinophilic globules: red pulp \
3+
Lung NS NS

Each value indicates the number of lesion-bearing mice.
The number in parentheses represents a grade of histopathological findings (+: slight; 2+: moderate; 3+: severe).
NS: No significant change in all animals.
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Immunohistochemical staining of the kidney for hemo-
globin (Hb). A: Kidney of a mouse exposed to arsine
gas by whole-body inhalation. Both the eosinophilic
globules in the cytoplasm of proximal convoluted tu-
bules (arrows) and the eosinophilic cast in the lumen
of the distal tubules (arrowheads) showed a positive
reaction to the Hb antibody. B: Kidney of a control
mouse. Normal erythrocytes in the blood vessels are
positively stained (arrows). Bars indicate 50 pm.

ine. No effects in either Ht value or histopathology were
observed in hairless mice that experienced the same level
of exposure percutaneously.

We found arsenic adduct, presumably As-Hb adduct,
in the blood of mice that had experienced whole-body
inhalation, but no adduct was observed in either transder-
mal exposure or control mice, as shown in Fig. 2. An
in vitro study showed that arsenic adduct was detect-

Vol. 39 No. 2

ed in human blood samples after exposure to arsine for
90 min (Higashikawa et al., 2008). Although the study
mentioned that the arsenic adduct detected was derived
from erythrocytes during hemolysis and the molecu-
lar weight was over 10 kDa, it did not identify wheth-
er the arsenic adduct resulted from Hb or other compo-
nents from erythrocytes. In Fig. 2, arsenic peaks detected
after whole-body inhalation (B) disappeared following
filtration with a cut-off level of 10 kDa (data not shown).
These results indicate that arsenic adduct is larger than
10 kDa and is generated by arsine exposure. It is, howev-
er, unknown whether this hemolysis is induced through
the formation of the adduct. An earlier study reported that
arsine has a stronger hemolytic action at 37°C than at
22-23°C (Hatlelid et al., 1995). Hemolysis by in vivo ars-
ine exposure might occur with relatively higher efficiency
than hemolysis by in vitro exposure at room temperature.
An in vitro reaction between arsine and Hb showed an
increase in heme release, which might lead to the hemo-
lytic action by arsine (Rael et al., 2006). The heme release
might occur following the formation of As-Hb adduct.

Intravascular hemolysis causes tetrameric Hb released
into plasma to change to its dimeric form (Rother et al.,
2005a). Accordingly, Hb released into plasma is com-
posed of a mixture of its dimer and tetramer forms in
the early stages of hemolysis. Our samples that originat-
ed from hemolyzed plasma by arsine also showed 2 Hb
peaks, around 60 kDa as the tetramer and 30 kDa as the
dimer form (Fig. 2).

Total arsenic concentrations in the whole blood of
mice after percutaneous-only exposure were compara-
ble with those of the control mice and significantly lower
than those of mice after whole-body inhalation, as shown
in Table 1. Because the blood samples were diluted with
0.1 M nitric acid, erythrocytes were decomposed. There-
fore, the total arsenic concentration in blood showed
arsenic not only in the plasma but also in erythrocytes.
When dog blood was exposed to arsine, arsenic incor-
porated into red blood cells; binding of arsenic to cell
membranes accounted for approximately 75% of the
total arsenic detected (Hatlelid et al., 1995). Although no
report has traced total arsenic levels in animals after ars-
ine exposure, detection of arsenic adduct, presumably As-
Hb adduct, even 6 hr after the end of arsine exposure sug-
gests that inhaled arsine may promptly enter red blood
cells. Therefore, we believe that total arsenic in blood
can increase immediately after exposure. As the molecu-
lar weight of tetramer Hb is about 64.5 kDa, our pretreat-
ment by using a deproteinization filter with a cut-off lev-
el of 10 kDa removed the adduct (data not shown) and the
result obtained was similar to that in a previous in vitro
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study (Higashikawa et al., 2008). Therefore, these results
also suggest that arsine is incorporated rapidly into the
blood cells and in part binds to Hb. Because these phe-
nomena were not observed after a transdermal exposure,
we conclude that arsine is not absorbed through the skin.

Severe histopathological effects were observed in the
kidneys, livers, and spleens of all mice with whole-body
inhalation, but no changes in any organ were found in
mice after transdermal exposure, as shown in Table 2. No
effects were observed in lungs after either type of expo-
sure. The lesions in the kidneys were numerous eosi-
nophilic globules in the cytoplasm of the epithelium of
the proximal convoluted tubules and casts in the tubu-
lar lumen (Fig. 3A-1). These globules and casts con-
tained abundant Hb (Fig. 4A), but glomerular changes
were not present at this stage (Figs. 3 A and 4). As men-
tioned above, circulating free Hb in plasma readily pass-
es through the renal glomeruli during a severe hemolyt-
ic episode (Bunn ef al., 1969), and severe hemolysis is
known to cause hemoglobinuria and renal dysfunction
(Rother et al., 2005b). Intravascular hemolysis releas-
es Hb into plasma, where Hb quickly binds to haptoglob-
in (Hp), forming a Hp-Hb complex. In persistent intra-
vascular hemolysis, plasma Hp is consumed and free Hb
accumulates in the plasma and dissociates from its usu-
al tetrameric form to dimeric Hb. Dimeric Hb is filtered
more easily by the glomerulus and incorporated into
proximal tubules, leading to accumulation of ferric ions
in these cells (Ballarin ef al., 2011). However, no hemo-
siderin was detected in our experiment, so more than
6 hr may be needed for ferric iron to accumulate in the
tubules. Muehrcke and Pirani (Muehrcke and Pirani,
1968) performed a clinical pathology study of a patient
with arsine~-induced anuria, examining 5 serial renal biop-
sy specimens by light and electron microscopy. Our find-
ings of tubular lesions filled with eosinophilic globules
and casts containing Hb are consistent with the first renal
biopsy sample from their patient, which was taken 7 days
after exposure. However, at that time, the patient was
already receiving various treatments. Muehrcke and Pira-
ni (Muehrcke and Pirani, 1968) mentioned that the sever-
ity of tubular lesions was apparently responsible for the
prolonged anuria, but at that time, the patient’s glomer-
uli were apparently normal, as were those of our mice.
Therefore, our findings are typical of the first phase of
renal damage, which may progress to renal dysfunction
and result in death.

The deposition of eosinophilic globules was observed
in the Kupffer cells of the liver and in the red pulp of the
spleen, as well as in the kidney. These features may indi-
cate a clearance of Hb by phagocytic cells. The Hp—Hb

complex binds to CDI163 on the surface of macrophages
and monocytes, in order to facilitate endocytosis and deg-
radation (Rother et a/., 2005a).

Levvy (1947) reported that the relationship between
arsine concentration (C) and duration of exposure for
50% death (T) approximates to C2T = constant. Because
the impairment of renal function is correlated with the
degree of intravascular hemolysis and the death rate
(WHO, 2001), our experiment may serve as a model for
severe acute arsine poisoning.

Hughes and Levvy (1947) speculated that arsine had a
toxic action on the liver and kidneys, based on an in viz-
ro experiment by using tissue slices. In addition, Ayala-
Fierro et al. (2000) confirmed that unreacted arsine was
very toxic to an isolated rat kidney. As toxic effects were
observed in glomerular and peritubular endothelial cells
in their experiments, they speculated that earlier cytotox-
icity caused by unreacted arsine itself results in kidney
dysfunction, and further damage is caused by the forma-
tion of a hemolysate that may contain arsenite. Howev-
er, we observed high levels of hemolysate in the proximal
convoluted tubules but no effects in the glomerular cells,
nor was any hemolysate observed in the lesions from the
first renal biopsy of the arsine poisoning patient report-
ed by Muehrcke and Pirani (Muehrcke and Pirani, 1968).
We speculate that early cytotoxicity appears in the eryth-
rocytes, and then kidney lesions are caused by the hemo-
lysate.

In our experiment, no changes were observed in the
lungs, even in mice that experienced severe hemolysis and
kidney damage. In addition, a chest radiograph of an acute
severely poisoned human patient was normal 3 days after
exposure (Uldall ef al., 1970). These results suggest that
first arsine enters into erythrocytes in blood vessels and
then it destroys the cells without injury to the lung tissue.

In conclusion, these results showed arsine-induced
hemolysis and deposition of Hb in the kidneys via inhala-
tion, but arsine was hardly absorbed through the skin. As-
Hb adducts were detected after in vivo exposure. Thus,
As-Hb adducts might serve as a good confirmation indi-
cator for arsine poisoning.
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G 1R 20.41 7 40 10.08 1847 37 104
H 0.8 14.0 42 76 6.0 16.0 35 99
|
n 3 3 3 3 3 3 3 3
mean 0.9 18.9 19 52 7.9 17.4 34 100
SD 0.12 435 20.3 20.8 2.08 1.26 4 4
CV (%) 12.4 23.0 109.7 40.0 26.0 7.3 12.2 4.1
FELE GV 12~B3% SAIE 5~7% 7~32%
(B 3) TLVs and BEls, ACGIH, 2012
4) WESREDMREIORXRTF TV MBER,
1) [FBLeBEEICBITDIFHRERZMMECE A B REFER PNIE H@ELEsEE
I oiReI=] FEmEE FH23F9AH 24(1),15-19,2013
http://www.mhlw.go.jp/stf/shingi/
2r985200000 1g0jl.html
2) FRREZDHE 2012FE), HAEES
2R, EXEEEFHE 54(5), 194-224,
2012
A A A S A,
X FEFEREREQ LMRAERE (BR) L SR ST P
EERFESES mE ER X BER PN IE kB it
(BEDHR/NNEFREZ R Bl HE #E— - IL- T PNl
ORI I/ TR B ERE (FF) (REERLZ TS FT
RS EKER RS - HERERES Y B B Bl AE
5— LR 1E= ZEEEAT A TVAHR)
RIS SRkt - EERERR T Y — s E, iR TE
B BT SENEEBE Rl EX5
IV vy OEERGERFE Y5 —
Wil R
() TAP—)LT)L
xOAD 8 X BENET




Tl

5

S

SMISRT YUY T (BM) DUSFERZ
WMOBR/SHEEBESINT 2D FEZRET
Bh, ReUTENUIETHA DD,

HEFHFLEODUBSOERCEEZHEE, M
BRSRPRPTFIVY T/ UTUVE, RS
REEEEDREWICDOVNT, 91, P2
P 3 DEIEHEEESE L TEREINTL
%, UL, EB2EhS, ZEEEDOLBDF
24 EEICIE, BHRERZKOZEZHEE
¥, BEEEYN, BEXREERHINTLSD

A ESAFID BM DD fRERESNT
WEW. FrEDEROHEIFEMDHEICHES
NTHH, EMBRDERZEHECDT, B
EHEINULTV20O0D, BALTOWDDEL
hh 5. BEZHERRSEE ClRIEn
PREFYDOBEDD DN ZEEH T S LI
HoTWADT, BIZDESLICBDEREK
LTIELLY

2012 FEICIE, 41V IDMMEEYMETITIL
NP HEMERC D D, ZNENO BM
THDIEA VI DL, RV TIVEED—IR
BERIERIC . HAEEEEZSHADRE
£(CRTHEER (BER) IS VI DLD
S AESE LT 3ue/LZEE LTV
DO, ITFILIRVEBVEBRBICRDRPY TV
BICDWVTIFERELTUVEW. 2EEDMOH
(T, HDEBEOSNCTDIEEIFTEEVES
3D

EERDNNEERDDESICEF, RPEEL L
MUEERDONUU DL, RPA RS T L, RED
JUUE, REFUNTID L, REKER, RPEZY

EMZNE=FU T DRheE
BASHICT B{EE%

KIRTUKRZAER EFWAMEREZ DT

ElREEIS 52

)b, REPNXIFITREPOZY )L, REXIEMm
swrhoo— ~OJU )b, RO ZUVEU
FgI\5—r=/Tx /)b - IFEHROZ ~O
VPR RROFV I /T
= FIVAZVE OS— OO0
Ry OREY), RPOLE  BEBELO
XFIVTIVY VB (B R=ORHEY), R
F}E, ROV T T /)b, RPX(E
MEFOT Y AVEAET S LICENTV
%, EFHIFRPI/UL S Bueg/l, RHKIR
35 ug/g/CrasE LTSN, TDENE
KRBETHD. INHBICDVNTH, 2ERENTF
ODNIT, HEBOMCT HIEEETEEWL
EADM%

OO XS VEFEPAMENG DRERIICHE
U, EEDNEERDDBEEICIEEIHFO—E
mﬁiﬁgwﬁﬁﬁﬁictﬁ@ﬁéﬂtm

o MR O—E{ERERBE [FEUE(IC K DB
ﬁé@t FOFEANCDOWTERSIN TS,
NSHPO—EBERFREBEICDWVWC, {EERIER
DI oOOXY VEEEDRER, BUELSOBRR
[CDWNT, BESLHITUTZLY,

BM OAfEHAOOSKITNE, BREFHINT
FIEW, BEFHEDHICH BM DD 7ZE
ST DIEENSHND.




s REAE AHE (E

WOITAT—ILTIL B HEF SET

1. FUBIC

2. ARlBLUEE

HEEERERER LMEETIE, SRS
PHEBOEED LB IR EDEE LSS
B & U TREERIT TV, HRDEEESE
R - Mg O, BERETIIBESEENH
BEICITHONTWND. HERASTOREESE
(&, —MRICEEREREEYEEFNALUTE
SN d. —7, RS EDDF BRI
BRI D, HDOVEHIICH U THEZ R
TRDICHDNEHFEEER(CHNTIE, HpEtE
X (SHERAEEEE (JORTT YY) (T8
FTDDHEETH Do

FEE(CSIEHE, BRAINEYETHD
NN- I XFILIILATZ R (DMF) DR
Y THDN-AFILRILLTZ R (NMF)
CEBAEFISEYMETH D NN- IAF L7t
N7 =R (DMAC) DRHBREY TH D N-
AFIVTERTFZR (NMAC) [EDV\WTDY
ORF vy EABREORESTTINIERS
LD TRET Do FICBREREEBDRE
REEEZY— U BEERTT D DMAC
DEE(CDVTIE, BisasRLcrRERzWY,

(M sOo0xRFzvy

SEEELUCIORF T v IS UIHER
[FIEBEXRFEZZ6HT NMF 8k, NMAC 6
MR CH Do FERODED T EDIFEBEXRETIT
12wy Falt

SROBERE, B IRT7—ILITILE ()
TERMEYITTRPTNER Uz, &8HE, NMF
[CHBNTIE, F<LERITERADBEDHES
BUR4ARBE (0.0.0,®), FE<BRICE
HEXBRZANIMUD, 25, 50mg/L [CHAE
UVERMERIEBE (B ®. @), 8LUDbL,
25, B0mg/L ([CHRE UBENKETR I BE
(®,©,00) =BWz. NMAC [CBWTIE, &F
<EBRIEE (0.0 0), FFELBRICEE
KBBZRMU 25me/L TR U TERIR
(@), BLUOEULT 25me/L [CHREUEE
KBER (®) ZRAL. #80, ®, @, ®, O,
®lE NMF, MAC JBEGERICTHd. 5RlTTS
AFYvIFa1—TICHFE, RIERETEEE
(SR 24 F 11 BELXICTRm U,

BERPAHDORAETE B ERDBE DTS




( FR (100—1000pL) J

[%‘ﬁa@ﬁ/mm;‘m (1000450011

FEmTmTmEmEmEmEEEEEEEE- 3
| BEEHYY L (0.2—0.59/mL) !
s )

[ EBEH%EGC (NPD or MS)Z }

K1 gidE70—-Fv—hk
*®1 FHUERUDEE
Lo BERR A Bl C D o E ] R e H
g (ul) 500 100 500 500 1000 500 500 300
R 5= [G70EM 2o | TH - | T | T |14 | X5
S AEE (ub) 4500 1400 5000 2000 2000 2000 1000 2700
REEUD LIRIE 0.25— 0.25—
5 /5 05a/mL i 05g/mL | O.2e/mL | 05e/mL | gEg/m L Fid Fit
a5 NN-JIFI — 1~ N - < N NN-YTFIL | NN-ITF)L
AEBIREEYE R LTS FZU F/U /U /U F/UY FIWLTER | PEEPER
DIITE | RS GC-NPD | GC-NPD | GC-NPD | GC-MS | GC-NPD | GC-MS | GC-NPD | GC-MS
B SLAdreX | DB-WAXETR [DB-WAX  |EC-WAX  |DB-WAX  |DB-WAX |007-CW- o NNO-
AN Silio 03;] . (0.32mmx | (0.25mmX | (0.25mmx | (0.25mmx | (0.25mmXx |25V (0.25mmx
(ZNRw ) (0.32mmx 60m, 60m, 30m, 30m, 30m, (0.53mmx Sdm
5(5m. 1um) 0.25um) 0.25um) 0.25um) 0.5um) 0.25um) 25m, 3um) 0.25‘um)
EALRE (C) 250 240 250 150 240 150 280 250
BHEEE (C) 330 325 250 250 250 200 290 240
90C(min)- | 70T (min)- | | 52GEMIN-| 45TOMN)- 1556 oy | STEOMM- 13061 min)- | 40 (1min)-
NOLRE 7C/min-  |8C/min- o | 5eg0 5T/min | o0t min. 10G/min- | 10C/min--
200°C (Bmin) | 200 (8min) 200C@min) | (4.5min) 200T (Omin) 2307 (3min) 170C(Omin) | 200T (Omin)
S He He He He He He He He
FrU7—HR (30mi/min) | (1.7mi/min) | (1.83mi/min) | (2.0mi/min) | (1.3mi/min) | (41mi/min) (15mi/min) | (1.0ml/min)
SUEEAE AT 2T 2709 b0 | 27U b | ZFU9RUR | RTUw k| RTUw R | ZTUY R | ZTUw N
EEBEAE (ub) 2 2 2 1 1 1 1 ]
1S |RTime (min) 12.4 18.3 20.85 5.5 10.80 8.1 25 11.35
NVE R.Time (min) 7.8 16.3 13.61 45 591 6.9 42 13.58
z FETE (me/L) 1 10 05 05 05 05 LT 05
NM | R.Time (min) 11.39 - 13.37 5.9 5.7 - 4.1 13.47
AC | EETR (ma/L) 1 - 05 05 05T - 0B LT 05

—5

1_




ECERUC. FIED7O—Fv— 2R 1
(C, BHEERODMFEEZERT (CRT. LTFND
FEERH NMF, NMAC &EBICE UDhEtz
Wz, RN GC- BRREERY VRS
(NPD) %, SEHHNGC-BEHH (MS)
ETHD, REAOUDLMEBIE, SHEERTITD
Nice ERASAFEENS L, Fe, FAO
BEIF 150TH S, 280TCT TdH o fe
150CD 2R TIE, KEAHYU D LNIEIT>
TWz. 2HesgZERE, NMF & NMAC DU
T avIA LlFEELU TV,

(2) BAEEEOREEE
BRI DRESEZ T —5 O—H—7ZH
BLEZS—Ufc,

(3) NMAC #@&ESZFEIRR

=BE#EED NMAC BIEDER 24 F£D4 8
o 11 BOZEGHEBELUNILDREZ
K UTco

3. BRBKIUEBE

(1) JORF v IER

SO FIESHERZR2(CRT . ZF
¥ (RSD) [FNMFICBWVT, [F<BRIE
BREAEHOT 17.6%THoch, MDIE<E
R, AR, ACERClE B%HI#ERIFCH o
fco OTEH/HNTVD IR H (FIREHEIT
BWEBRZTHD, INZERSECVIRE
9.3%&1ED. NMAC [CHBWWTCIF, EERERE
{EREBOT 145%THD, HOIF<E
R, WK, ZKBRTIE 10%FI# TH .
AIFEORERIE, NMF(E5 55 19%, NMAC
(&7 D05 24%THD, SEFPPUELTL
HEWVR D,

HIQCHEREOY Y TILICBWCEEDE
RREVEBN D o7ze NMF & NMAC DU
TV aVEIA LRIER U TVDIERNEWNT
EDS, FAOBOFEEER, SEOIDOR
FTwvIlE NMF, NMAC BERDEEKZE
AU, BaaEt0O, ®© O0ZEZBHFRMICKT

FTEEIDED DIELDTHDN, @, @, ®
DEFESDEFKEL

(2) BFREEROEEEE
W, HXUSHERFEWETE, 10TH
BICRTENTLZ (B2).

(3) NMAC #BEZEERR

BRARIERZ & UCREMROD DB 3R T
NMACDEFENS D, FH24FE4 805
11 BOFFEORFEAEE 1.812H4THo
Jeo D25, 30me/L LI EZERITREHZ,
119%T&Holc. IEFIF 1.279H T,
30mg/L LI E7ZRIRIEHIE, 7% TH ol
ZEDS, |BIMULTULE,

4. FEH

FE4E [C 5] = #% &= NMF, NMAC D 7 O X
FIwvIEIToOR. BEE—ODEEZRD
o, 2YEOREHBTERULCD, ZEIRE
DETDHENRE SN . DMAC DREL4H
(&, BNOEEHNESN, #1B0RETEE
EX<EMNRRINSD.




R JORFTvIER *NMF, NMAC 388

L NMFmg/L : NMAC -mg/L

- (& <ER ANINER FER (E <R AIER | KB

Ol @ e |6 6 60 ®" @ | ® | ®| @] ®

A 8.7 |239|283|462| 54 |252|51.8| 45 |249|512| 87 |478|126|31.8|328
B 75 |248|28945.1| 52 255|508 46 |23.1465

C 7.6 1249 ,31.2|4b5| b4 2481499 | 55 [24.8|5605/10.7,385(10.8|24.5 252

D 75 |248|32.1466| B9 |2568|498| b1 |242|515|103|394|11.8|25.6|25.7

E 850 12411320468 56 |248|50.3| b2 |242|499111.2143.1]13.8|28.1 1279
F 7.7 |23.8|29.6|438| 5.1 (239472 46 235|455

G 6.4 |22.1 1256|437 | 48 |[228(459| 49 |25.01464|12.3|45.7(14.2|278 259

H 44 1215|269 /44.7| 49 1240|515| b3 235498 84 |[41.3|11.0/24.7 270

30
25 e
! 1
{"M
20 1 Pl A
B yg 5 ' L | —E

10 = e — : :
\]{;}___._. —fo=T=== Rl —g"‘a N s — i
TN T T = : —H
Voo m = P
TN sy ‘_"\...ﬂ N |
5 '-'- v e=f -"
W e o am o S s D .
- [ A SN, S
16:00 W&
H10:20
BAtA C18:32E848
0 L L 1 1 1 H 1 I} i i) 1 1 L i 1 L i) i 1 L 1 L 1 1 il 1
[an TN o TN o TN o B oo TN o BN o R o 2R = S > T oo TR oo SRR w SR o SR o U o Y e S e S v T oo BN o B o B = 2. K > L o i v }
WS 0O O ™ N O ™ ANM T LW WM OO — N M S W0 Ww ™~
- = — &N N N N Tty Y Ty e v e
B M

2 REFERERE




(BZM0

D W & mE ER XBF AR BN IE
FREN- AF VIV AT = RRURE N- A5
WP NP ROUVORF T VIESHERICD
WT, 5@/ 4£s1E 23 (3), b0-57,
2012

FEGEREREED LIRS

¥ FHEFERERED LLRARE | TEREE
FE miE R, (REDER/IEFEFERR
= B HE GHERIITA IV E
O hRBEKENLBESEREERE
AREVY— (AR (B, BIEHNRETE
MRtry— BE BF \FVIvIEE
BEREEYY— HU B IZAT—L
TIL F A8 &N = BH NgF &
SIEEMEYMARAT KB BE N Ik &
B Ot BHhE—--IL-TIL REHZ
BE. (B RERIZMRAT B # el &
B =ZEEATIVRAG) e E 8
W TE aeEEEE RLU BEAE




1. [FUHIC

rimtMEAEESBFERNEGS (2F
) &, BREZHOERESDFERERE,
BEPRARE, BRI v U AIRIREDFEE DR -
M EZM D), HREBEEEEEZERL T
Wa. HEIBHREREESEDORMICHIz>T
(&, ZENECHBOEHED SBRINDHE
BEREBMZERNOEFHMISNEZREL T
EEEIEREOREY R, EEEE, 7 - 2
WMZET > TS, T 19 FEH SFHIEAZ—
BEL, ANEFEDNETHESEICK D FHE UL
TZo

TR 24 £ (5526 @) HEEEaeEsE
BIEREBROMEZTHRET Do

2. AEDHE
1) SHERSE
MR TR 244 12 A3H

HEHR
2) &R
mH#nE LT Pb—B &B89), REFIL

2518 108

STP=/UTUVEE (ALA), RPKBREBE
(HA), IREXFIVEREE (MHA), R~
VFIVEEE (MA), RAEB=18{1mE (TTO),
FRp=181tEEEEE (TCA), RP2.5-FH
vIFVE (HD), BRUSERFELULTCR
B N- AF)LIRLAT = B (NMF)
3) SNiEsRS KURFEIRR

IO Bk ErRiICBRERED HEBEETA
ENDHREEZETL, 2EEZNEBEFLT DR
[CDWWCEFERhEN7ZTHT, 1IEETHER
FREZITOMEE (LUT [BESMER] &0
Do) [COIHRABZEM U, SHEEG
346 [EsR CH D, FEFECHEANDFEREA U,
SN DN, BEXRSIMEE 39 3R T,
307 fEsk (80 89%) (DWW TCIFEIEESES
ZFECOSMTH oIz, FEEICHND &, B
FRICBVWCAE LU CWLWS B AERIE 3 ~4
FEsmA U C WD, SAIEIEERIDSIINERREL,
BfEE AR, SEREsR et N U 5thEsas
FFR1ICRTEHDT, Bl TOREN RS
U, BRBEIEEICKDABBMEENDBEZENLD
EHEMELTUL S,




XK1 BIERHBLUBMERIGE - ZEEREDIRR
CIBE L @ | SRR (BMR) | BEEeE (8) FERE (R SEEhEER AL
#26@ | 344 ( 994%)| 39 ( 11.3%)| 305 ( 882%)| 19
Pb-B |#25E | 348 ( 992%)| 42 ( 12.0%)| 308. ( 87.2%)| o2
#moAmE | 344 ( 989%)| 45 ( 129%)| 299 ( 859%)| 20
Z26E| 344 ( 994%)| 39 ( 11.3%)| 305 ( 882%)| 19
ALA |m25m| 348 ( 992%)| 42 ( 120%)| 306 ( 87.2%)| o2
‘E=o4m | 344 ( 989%)| 45 ( 129%)| 299 ( 859%)| 20
£o6MH| 346 (1000%)| 39 ( 11.3%)| 307 ( 887%) | 19
HA |m25@| 350 ( 99.7%)| 42 ( 120%)| 308 ( 87.7%)| 22
Zo4E | 347 ( 99.7%)| 45 ( 129%)| 302 ( 868%)| 21
#26@| 846 (1000%)| 39 ( 11.3%)| 307 ( 887%)| 19
MHA |#25m@| 350 ( 99.7%)| 42 ( 12.0%)| 308 ( 87.7%)| 22
#oAmE | 347 ( 99.7%)| 45 ( 12.9%)| 302 ( 86.8%)| 21
#o6mE| 842 ( 988%)| 37 ( 10.7%)| 305 ( 882%)| 19
TTC |#ma5m| 347 ( 989%)| 41 ( 11.7%)| 308 ( 872%)| =22
o4 | 343 ( 986%)| 44 ( 126%)| 299 ( 859%)| 19
£06H| 340 ( 983%)| 35 ( 10.1%)| 3805 ( 882%)| 19
TCA |#mesm@| 343 (97.7%)| 39 ( 11.1%)| 304 ( 866%) 21
goAE| 341 ( 980%)| 42 ( 12.1%)| 299 ( 859%)| 19
#o6E| 344 ( 99.4%)| 39 ( 11.3%)| 805 ( 882%)| 19
MA |=mo5mE| 348 ( 99.2%)| 42 ( 12.0%)| 306 ( 87.2%)| o2
#24E| 343 ( 986%)| 45 ( 129%)| 298 ( 856%)| 21
#o6mE| 844 ( 994%)| 38 ( 11.0%)| 306 ( 884%), 19
HD |m25m| 350 ( 99.7%)| 42 ( 12.0%)| 308 ( 87.7%)| 22
Zo4am | 347 (997%)| 45 ( 129%)| 302 ( 86.8%)| 19
we |F26E| 342 (988%)| 87 (107%)| 305 (882%)| 19
Zo65E | 346 ( 986%)| 40 ( 11.4%)| 308 ( 87.2%)| 22

BRI EES LUOEERERG, SRS EsEE Ul

4) HERE

ARRE I EERAEBOFRH SEREZR
VWWEEDSEZERA L. T5h5, BEES
IHEEREE N & U CFEESZEERE SD =
SEL, FEELE 28D ZE8A D AIEBZRN
UTcDBBERDCESZD S ([CHEREESRE
BFZERICKL > TREMIICK2DCE RE
[aY (V=N
5) EftEBoEsEbhE
KFEEFR2CRIEHBDEFEEEDHBRE
DFEEIEER U, BESIEER AN U,
FH, NMF [CDWTIE, SZBAEDD,

2REOEAZER - EXTLTWVD,

3. FHEmEE

SHEIEE B LOFHERIE, RDEHBD THD,
1) BIFEEHES KU EE T~

SHE IS EFER D OME TN T NTDRIER
Rz, BERICERESD, LU I ETERHR
(A) EHFBEEFM (B) D2 DDIF.ICEK
DEMUC. A) BRITEHMOE R, EINER
b, BIEM Ve BIE/INS v tan 8FFNZT
nmmhemlc, BEEP -1, YHEE | —




x2 % 26 @7:@11" IE@E* EEEAT (THadfF 12A) HS8RE

i iy S v Eiks] FrE ikl B
w= IE' E
: (M (2 3 4@ B) (8)
A Pb-B  ug/dl 5.4 20.0 22.2 40.4 41.4 45.3
B ALA mg/L 2.0 3.0 6.1 7.1 11.1 12.1
C HA g/l 0.40 0.50 1.09 1.19 257 2.66
D MHA  g/L 0.20 0.31 0.61 0.81 1.61 1.82
E TTC mg/L 9.2 11.6 40.0 144.9 266.2 343.9
F TCA mg/L 2.2 3.2 10.8 52.5 79.6 116.1
G MA g/l 0.20 0.25 0.40 0.51 1.01 1.11
H HD mg/L 1.5 1.7 2.7 3.2 5.1 5.7
I N-MFA  mg/L 53 20.0

Pb-B BIEEEHT T N TH M

HD REEDEHI ARSI
ZDE T NTATRE

HA, MHA, MA, TTC B&U TCA [FREHH

2EENZIERN 4 =T, I\5t 26 REHR
FoTWVD, —7, B) AEBEHEFHOER
[FE<DREBEDNFBRINDEEANICMEST
WD EDIHITDVNTEL RFERDINE 24
SUERETE DTS,
A) ﬁ?r*ﬁf FHEmOTELR & SR
B O2AERR (688D [CDWTHEE
ct,EE%hBEﬁ@ﬁﬁ%ﬁoto
a. AERED Y=a+bX Db
(BIUE) 6
b. F5DEDEE BERM (Ve
(BIRME) 6/
c. AlEEZSOERBHORMOETDIEY]
(tan 8) CAIENSvF) 6=
d NIx—TVR - AFvoX1 (P-1)
(BE) 4=
e. N\Ix—-XVA - AVFwvoRX2 (P-2)
(FHEE) 4%
B) AIEEDFFEEEE (CXId D5~
E<DAEENTRSNDEERICINE>T
WD EDIHCDNT, &4 =i, /et
24 s (BRBIX4mR) &Uf,

®© FERBEOERBRECHT OIRERE
FTHATEBICDOWT, BEDOEUEH
CEICBEBERTAELUCAEBN) 78
U, FHUEAVE(D) (CHTDEERE
SD(1) Zxk&fce WWTAVE(D) +2
SD ZH8A HAEBZESBEE LTHRAL,
AVE(1) £ 2SD D#EIFEMAICEH 2 BEME n
(2) ICKD, HORHTFEYE EREE
ET D) AVE(R) LEB#ERESDR) &E
BU, AEBICHTHFHEICERELTD SD(2)
EUTe. BB, £260 (FR24EE) ¥
BEEREREEEIERECDIT 2 BeRE
HEER (39 5EE%) N okedrzEZstE (n(1),
n(2) ICHTHESE (AVE(1), AVE(2)
EREE)) cB%FREE (SD(1), SD(@)
ZERI3ITRUE,
@ AIEBICH T DEHM
AEBICHT HFFMHIE, B IUERS
BB IERBEDCHDDTHED] (TR
L, SEEDOZE, 2, 3BICRELU. &
BE (DF)) CEBRE (9m3) DEMIC
X U CIEHBEERagriEZ8 a2 e rET




&3 HEIEEREED SROEHFHRDTIIED JURERZE

BEH | BN =l 2 HE 3 B 4 FRELD e e
n (1 39 39 39 39 39 39
AVE (1) 5.4 20.0 222 40.5 416 45.4
Ph-5 SD (1) 0.44 0.64 0.88 155 1.62 1.56
n (@) 37 38 39 38 37 36
AVE (2) 54 20.0 22.2 40.4 a1.4 45.3
sD (2) 0.33 0.60 0.88 1.38 1.43 0.89
n (M 39 39 39 39 39 39
AVE (1) 20 3.0 6.1 7.1 11.2 122
ALA sD (1) 0.11 0.18 0.29 0.34 0.53 047
n (2 37 37 38 38 38 37
AVE (2) 20 3.0 6.1 7.1 11.1 12.1
SD (2) 0.07 0.11 0.26 0.29 0.41 0.35
n (M 39 39 39 39 39 39
AVE (1) 0.40 0.50 1.09 1.19 257 2.87
HA 8D (1) 0.01 0.07 0.02 0.03 0.05 0.04
n @ 38 37 37 38 37 38
AVE (2) 0.40 0.50 1.09 1.19 257 2.66
SD (2) 0.01 0.07 0.01 0.02 0.03 0.03
n (M 39 39 39 39 39 39
AVE (1) 0.20 0.37 0.81 0.81 1.61 1.83
MHA SD (1) 0.01 0.01 0.02 0.03 0.04 0.04
n (2 38 37 37 38 37 38
AVE (2) 0.20 0.37 081 0.81 1.61 1.82
SDh (@) 0.07 0.07 0.01 0.02 0.02 0.02
n (1) 37 37 37 37 37 37
AVE (1) 9.1 115 39.6 143.9 265.3 339.1
e SD (1) 0.77 0.84 2.84 6.75 1211 33.04
n (2) 36 35 36 35 36 36
AVE (2) 92 11.6 40.0 144.9 266.2 343.9
SD (2) 0.58 0.55 2.05 5.58 10.99 16.58
n (1) 35 35 35 35 35 35
AVE (1) 22 3.2 10.8 51.8 79.0 1141
TCA SD (1) 0.17 0.25 0.63 4.46 3.04 5.33
n (@) 34 33 34 34 33 33
AVE (2) 22 3.2 10.8 52.5 79.6 115.1
SD (2) 0.13 0.18 0.49 2117 2.14 3.58
n (1) 39 39 39 39 39 39
AVE (1) 0.20 0.25 0.40 051 1.01 1.11
MA SD (1) 0.01 0.01 0.01 0.01 0.03 0.03
n (2) 39 38 36 37 38 37
AVE (2) 0.20 0.25 0.40 0.51 1.01 1.11
SD (2 0.01 0.01 0.01 0.01 0.02 0.02
n (1) 38 38 38 38 38 38
AVE (1) 15 1.7 2.7 3.2 5.2 5.8
HD 3D (1) 0.08 0.08 0.14 0.15 0.18 0.21
n (2 38 38 37 36 36 37
AVE (2) 1.5 1.7 2.7 3.2 5.1 5.7
8D (2) 0.08 0.08 0.12 0.12 0.12 0.19
n (1) 37 37
AVE (1) 53 19.8
SD (1) 0.25 0.90
N-MFA 05 37 33
AVE (2) 5.3 20.0
3SD (2) 0.25 0.54
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BHEH | R# -1 cER-2 ) B R-3 el -4 Hal-b FHE -6
HEBE | bd4ug/dl | 200ug/dl | 22.2ug/dl | 404 ug/dl | 41 4ug/dl | 45.3 ug/dL
A +20ug/dl | £20ug/dl |£2.2ug/dl |£40ug/dL {4 0ug/dl | 4.0 ug/dlL
Pb-B AN LI I LI LI B
Le/dL 35 +30ug/dl |3 0ug/dl | +£3.3ug/dl |£6.0ug/dL |£6.0ug/dL | £6.0ug/dL
BIR BA B PR IR B
o= +40ug/dl | +40ug/dl | +4.4ug/dl | £8.0ug/dl | £8.0ug/dL | £8.0ug/dL
A BIA B B B B
HEEGBE | 2.0me/L 3.0mg/L 6.1me/L 7.1mg/L 11.17meg/L 12.1me/L
A +0.5mg/L +0.5me/L +0.6mg/L +0.7mg/L +1.0mg/L +1.0mg/L
ALA D BN IR A I BA
me/L 3 +0.8mg/L +0.8mg/L +0.9mg/L +1.1Tmg/L +1.5mg/L +1.5meg/L
BIA PR LI LI DI BIA
o= +1.0mg/L |£1.0mg/lL |£12mg/L |X1.4meg/L |£20mg/L |£2.0mg/L
DR PR BIR BIR DR B
HEBE 0.40g/L 0.50g/L 1.09g/L 1.19g/L 2.57g/L 2.66g/L
4 +0.10g/L +0.10g/L +0.11g/L +0.12g/L +0.25g/L +0.2bg/L
HA IR BIA LI LI B BN
e/l 35 +0.15g/L +0.15g/L +0.16g/L +0.18g/L +0.38g/L +0.38g/L
PR DI B IR DI A
o= +0.20g/L +0.20g/L +0.22g/L +0.24g/L +0.50g/L +0.50g/L
PAFS LIS IR BIR BIA B
HEBE 0.20g/L 0.31g/L 0.61g/L 0.81g/L 1.61g/L 1.82g/L
4 +0.05g/L +0.05g/L +0.06g/L +0.08g/L +0.15g/L +0.1bg/L
MHA AN BIA PR LI B BA
o/l 3 +0.08g/L +0.08g/L +0.09g/L +0.12g/L +0.23g/L +0.23g/L
AR BN IR DI DU IR
o +0.10g/L +0.10g/L +0.12g/L +0.16g/L +0.30g/L +0.30g/L
I B I LI B PIR
HARE 9.2mg/L 11.6mg/L 40.0mg/L | 144 9mg/L | 266.2mg/L | 343.9mg/L
4 +50mg/l. |£50mg/L | £5.0mg/l. |x£14.5mg/L | £26.6meg/L | £30.0mg/L
TTC DI B P LI LI PR
ma/L 3 £75mg/L {£75Bmg/L | £7.5mg/L | £21.7mg/L | £39.9mg/L | £45.0mg/L
DA I I I A DU
o +10.0mg/L | £10.0mg/L | £10.0mg/L | £29.0mg/L | +£53.2mg/L | +60.0mg/L
PR AR I A I D
HEEE | 2.2meg/L 3.2mg/L 10.8meg/L | 52.5mg/L | 796meg/l | 115.1meg/L
45 +3.0mg/L +3.0mg/L +3.0mg/L +5.2mg/L +8.0mg/L +10.0mg/L
TOA BN B LI LI IR B
ma/L 35 +45mg/L |£4B5mg/L | x45mg/L |£79mg/l | £11.9meg/L |£15.0meg/L
IR B I LI B BN
o= +6.0mg/L +6.0mg/L +6.0mg/L +170.5mg/L | £15.9mg/L | £20.0mg/L
IR B A PIA B I
HERE 0.20g/L 0.25g/L 0.40g/L 051g/L 1.01g/L 1.17g/L
4 +0.03g/L +0.03g/L +0.04g/L +0.05g/L +0.10g/L +0.10g/L
MA BA B DIA AR PN PR
o/l 3 +0.05g/L +0.0bg/L +0.06g/L +0.08g/L +0.1bg/L +0.15g/L
A B IR BA LI B
5 +0.06g/L +0.06g/L +0.08g/L +0.10g/L *+0.20g/L +0.20g/L
B BIR BN IR IR BIA
HELEE 1.5mg/L 1.7mg/L 2.7mg/L 3.2mg/L 5 1mg/L 5.7mg/L
4 +0.2mg/L +0.2mg/L +=0.8mg/L +0.3mg/L +0.5mg/L +0.5mg/L
HD PR BA BN IR B BIR
ma/L 3 +0.83mg/L | +£0.3mg/L +0.4dmg/l +0.5mg/L | +£0.8mg/L | +£0.8mg/L
B DI BIA BIA BIR B
5 +04mg/L | +x04mg/L | £05B5mg/L | £06mg/L |[{+£1.0mg/L |x1.0meg/L
BIR PR I IR IR PR
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