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A Pathological Study of Phenol Induced Hepatic and
(rastrointestinal Lesions

Dae-Young Kang, M.D.
Department of Pathology, College of Medicine Chungam National University

In an attempt to elucidate the pathological effects of phenol, the present study was undertaken
in male Sprague-Dawley rats. The control group of animals was fed a basal diet, and potable un-
derground water. The experimental group of animals was fed a basal diet and potable under-
ground water containing 30ppm, 60ppm, and 1% phenol with once a week administration of
dimethyInitrosamine{DMN ) 10 mg/kg LFP.

Each group of animals was sacrificed on the 3rd. 6th, and 9h month. The liver and
gastrointestinal tract were examined light microscopically, along with transmission electron mi-
croscopic studies of the liver and scanning electron microscopic studies of the pastric mucnsa,

The results were as follows:

1) In the acute phenol intoxicated group, the liver showed fatty changes in the hepatocytes
with mitochondrial membrane destruction and myelin figure formation,

Z) In the chronic phenol intoxicated group, fatty changes in the liver were ohserved. In
addition, there was chronic inflammation in the gastrointestinal tract, with gastric mucosal ero-
sion and central necrosis of the hepatic lobules, especially in the high phenol contaminated
water treated group.

d) As a result of the examination under the light microscope, the DMN treated group showed
hyperplastic nodules and liver cell dysplasia, the degree of which was proportional to the dura-
tion of the experiment, and was more severe in the DMN + phenol treated group.

4) As a result of the examination under the electron microscope, fatty changes in the liver, ple-
omorphism of the mitochondria and loss or shortness of bile canalicular microvilli in the DMN +
phenol treated group were more severe than in the group treated only with DMN |

In summary, the results obtained by the present study indicate chronic highly concentrated
phenol intoxication induce liver cell necrosis and chronic inflammatory changes in the
gastrointestinal tract. Also the toxicity of phenol increased synergetically with a hepatotoxin
such as DMN. (Korean J Pathol 1993; 27: 561 ~572)
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M 1=

5| &(phenol)® e 2] gejg #HEF AHE 29
e Aes) dlefe) fEA HiEelata Ey Al
o] $4 f= 142 477 A8 FHE F 54
¥l ¥ -2 ojo|ss AF-7 gl

H g2 what farl 2] aifel WAL AlEET
lev Hiledde £5402 sto]a glep s

=it slEe 1966\ Mahero] 2] A5 #7153
by Fakoz gl EFF AAEHZ A& AFE
kel AHEE Batdk o|d, oF Kellysel 44-F
A7 weef 2gk 7l (spasticity)s] s« A}
88 o] 557 Hegd4e 3 5ol o] &5 gl

AEs £=2¥% o5, 444 dadds F4%
Sr|EMe] flg g AlEEE o HE 42 F d 5
of of Fa|gz}, Flude|E f2)o fEE ALEET]
£ & Al wel4 Fel s EkA AEEn gde] 29
o 229 7|37 BolFd,

HEl % 3 9o 19800 f¥2 19844
of Foll A Rleivhe 2xt7b flen HuiH fivet
e GEZ HE 29 FAL oled g H 4o
oldich HEE tEsede Hie =ASE A
Hope dey |5 dhalul, F2 oof L34 & gHF
T 58 o5 54 #AEE FUsA ®Hcobn sk
_34 ﬂt_}_l_i.ﬁ T.E_II

4 25 FMese &4 d@ddn FEF,
b o]ab @i A Ad Ea4od AHE 2
gl gld FE24] FE s gk, da A&
5% 2k g A)a alel #Hr|EEe] epdels Barl
?‘Lt;l_l?'!"-ll:'-

adlels #ge ey wotiA e FIAQAE
ey 579 o] p elope] F|Ykdeol FHaie] gl
= ekl Ba®@ glen) gejdAql dyEre
A4 glch &3 abyA R Ee] AEEe{# dime-
thylnitrosamine(DMN )2 94 A Feld Fa50]
A HEe| Ha, ofule] Titslo] flve FAEFE HAH
A §l#atel s AMAs 5 sbe], =3 el dr]F
off 4ta5le] gle] alslle] 25 7| Hr} feldch 4
HEBe F52ke] DMNE Fold =W 4=
284 AaAd dorn ghy FF4] G AT 3D
ob-2 fubglcka o afdd] ol Al 2] DMN
of =8l ohd F54 wwe] il AT A el
Zhell el b o el mqh FhEkE dbekaAF
Z2a0lz12 oleiy ol #Ege] F4 W uhd F4 3
Seof 214} 7he|vt ) absbe] oAl gufeld ATy ne
Y44 Mo o}l B 4 glo L dFEF A xded
ot zela] AAe de 2F4 7 o A
e| 2] ol gk n) DMN 2 3he wiel el 2b8of of
o 4h o #k S o3| FhE dFE7] il #E oS

Foi#3 DMN o #lsg @n i@ Fold et
Ve deed maE d4doz va st g
e AsE A7l olel muale ulelch

Mz W Uy

1. dEdz

1) AHES: & e 425 FE5L YF TFo|
o #HFe] 170~200g W22l Sprague-Dawleyd
A HAHEM of 239U} 2|2 g EE ALEE
A A7 Ak Feb £ gl Ak

2) WEHYE: L Agel A8 #=(phenol
cryst; CHiO) 2 59 Merck®| 4} #EF& AEsigde
W DMN-& |3 Sigma #Aha] 24 de]adedgqey ]
%o wlg2 B4 843l AlEElg o)

2. alEuy

1) dHE82 YEHE|: v & AYFEFE SR TR
Ai} Ay 2 dhsol #=E 30 ppm, 60 ppm ¥ |
%e] Frz 4o e F& FEIHed 4YEE
< g 7 Feog o] A e

I2:d=Fes o 32 28eE F2 71E 4
YAtREE AREebalc)

I[I2: 712 vt g2 A543 30 ppm 559
#Ee] 4l E& e T2 Feich

III2 : 7]~ wgt+b5 2 Ab43lH4 60 ppm FE
2] #HEe] 49 £& He 22 F9

IVE: 712 g E2 AEabdd 1% 559 #E
o] Hgql & o £ S

VZ:DMNE 31F kgw 10mgs 5 18 53
of Foddln 2 F2 AseE F1 o7 6FAE
& Apgalaloh

VIZ: 7|2 ez Apgeldy  sT ke
10 mgel DMNE F 13 E7hdio] Fofsiz 30
ppm F59 slEe] 4 F& de £ F9

VIIZ2 : 712 olgArg s Abfatda] A5 kg
10 mgs] DMNE F 13 H3hde) o352 60
ppm 54 slae] 4iql BE& o+ 2= Foch

VIIIZ : 712 %5z +pSsbdd g keo
10mgs] DMNE F 13 53 Fofdln 1% F
eef #HFe] dal EE e £2 Fad

F4 F54 vehde dug olm P3| § b
cilu] Al# o 2 HoulE]e| #EF corn oilel 1:4vl®2
A sted @l kgt 530 mg(LD, £3F)% A5 5o
Fheiet, AHEEE zHFebc) 200ke)E A Sk AR
shon] A4 Al=E 15 344%, 6709 4 914
ef z}z} Hejajd #4itgcH(Table | 3#2)

2) =EEE 3 W Feeo|dH D@ Ether =
#alol| #FE 2P F sldle 2 ArE A
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— el ol FHe] 7wl el Ay o gkl e AF-

of Fiae Aol W& £ 10% buffered neutral
formalinel 24~48417F +¥3 A &< 3
Y ol Aabelld zhzh 22§ A H s FAbe uhle
2 z}etgl BZ(paraffin block)g H&%ich 28 #
S5 5 p5H s =2 dle] hematoxylin-eosin, Mas-
son trichrome 4-& 4] #5}5d }.

b A2 o] 84 (liver cell dysplasiald 3titel7]
Haped Acho)l i FNEE I 4009 2)ekE Al
Hejaled S TalA T qldhgh cf2 o]H Y Ao £
& Aol HatshEe

3) FANEXMO|EAE BE: ds Fo4F £=700(1
F) et el vhepe sz wEE Adsiaa)
chi-32 3e] A elsid ol

4°C 2.5% glutaraldehydes| 23y =3& 01
M phosphate buffer saline(pH 7.4)=5 <134 o}
& 1% osmium tetroxided] 24]3}F A oA
cb4] 0.1 M phosphate buffer salines = A3 &%
o}, o] =L Al obZ 7 whepsle] 100% WEo]
2 b dAdLs FAd] 22§ Poksbe o

Poibsl =a2E ofa] 100% 2Bl ¥ F ooz
A4 abFo] iHhydration)4l#® 01 M phosphate
buffer saline2® #3{ k% 1% osmium te-
troxideo] Y2 & cb4] AlE ¢FE g4 Al
H&(critical point drying)2Zch HAzY Aa:
ion coater(EIKO IB.3)% #}&&s pt-pd 322
o 15 nmF 2 coatingd k& Hitachi S-2500
FAAAHe|Ho 2 PAspH ),

4) FoEASH0|EE #E: el el #HEkE 3
b7 HEle 2HAEE 239 FE AlEE 1 mm' 2
7|2 AAlsted 4°C 25% glutaraldehyde £+

Table 1. Experiment design and the number of rats

Group &\Uumiﬂ'n 1 week 3Ms 6Ms 9Ms

treatment
I: water 5 5 5 5
II: water with 30 ppm. p. 5 a ] 5]
[I: water with G0 ppmp. &5 5 5 5
IV: water with 1% p. 3 5 5 5
Ve DMN + water ] a a9 )
VI DMN + water with 5 B 5 5
30 ppm p.
VII: DMN +water 3 5 5 B
with 60 ppm p.
VIII: DMN +water 5 5 5 5
with 1% p,

*IMN: dimethylnitrosamine
p.: phenol

2547 n4ge £ th4] 1% osmium tetroxideo
254128 nAldhe] Fabsl abgle] 28le] kiR ¥
s3tget. Luftehd®el 2%l propylen oxide®
x| 84l c}g epon EHAE Eofsie] 35°C, 40°C,
60°Cell 4 =zt 244704 dF U414 epon EHIE
uk& 2o},

Epon Zelal% Sorvall MT 5000 x=td7]5 |
Hate] | p5e Ayer 95T toluidine blue®
o dEle] AHalde|goz FPidnz = FHE A
suelch A48 Hee =3 Pe x| E o] E5
o G0 nmFA =2 A2 g oF Reynolds™ylel 23
uranyl acetate?} lead citrate® o|% 43 F
Hitachi H-600 #=jgo]jxdez 7h& At 75 KVel
Al aksbodct,

d " 4 H
1. HiALE

o = Fel 4= oAbl o7k glgledt 30 ppm Wl
Eof o4 | ot2](6.7%), 60 ppm #HE Foldells 2
etz (13.3%), 22l 1% & Foleld 6ol2](40.0
o) 7F ol Apslad e,

DMNE #lF kewt 10mg Fodolde 4=t
(26.7%), DMN 7} 30 ppm #Hl& Fol F& Hupe}(33.3
%), DMN 3 60 ppm #l& 5Foael4s Tolel(46.7
%)7} siAbsteds, DMN 3 1% o5 FoFeddq+= 10
vha) (66.7%)7F #4bEhed el Table 2),

2, 2 JETE HSe EH

Al ) z2Foll e A7 ghe] FaElel] =t} HF
o] Zvisldeoy AfFelHde FrisEds Hxst
Aty 75 #Hg FodFoe YAaes Fid
b bzl Erldlelcl 2 AAgEFAH 344, 6

Table 2. The number of animal death during experi-

ment
Duration 4 &k gth  Total(%)
Gmm}dﬂmh}
I (15) 0 i 0 0f 0.0}
(15 0 0 1 1{ 6.7)
m (5 0 1 1 2013.3)
IV (15) 1 2 3 6(40.0)
Vo (15) 1 1 2 4(267)
VI (15) 1 2 2 5(33.3)
VI (15) 1 3 3 46T
VI (15) 2 3 5 10(66.7)

{ ¥ Total number of rats
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R = Gri ol zhxt 48117 g, 555.00 g, 5833 g
elevt H= 60 ppm Fol el 22t 49367 g,
47233 g, 52900 g2 2 6= Al glain H
= 1% Feddels= 2zt 38333 g 374.33g 9
39867 gE 49| AFE A4 Bl

=4 DMN ot Foddl FollH slE2 2tz 45277 g,
93360 g 56517 g3 47|zl vlefsiy FoHA
& Hilev DMN 3 sl# 30 ppm %73 DMN
# #lx 60 ppm Fol Lol DMNgE Feod Fof ]
ol T2t AErt Aol DMN# sle 1% SofF
oA 3A4Y, 644 5 UMl 7 38065 g,
36l 32 g & 39067 gE GoHYslel] Mg e 7
4523, DMN =h5 Fodfoll we] #24 35 7
47} 2l Table 3 2=),

3. FHso|EE +H

1) ZhMdZo|84d MES: AnthonyE"' 3 Antho-
ny* € AL 277 Aaln, e EY 8l el
(nuclear pleomorphism with hyperchromasia)=
ched e gle AEE ZMHZ o)y de)ztn Hes
%},

# dFeld izl HEal Soddh Al g ol
= 37HE 400w «|opeild 1~2-47} ZAbz|gl e
DMN Fed Zoild= 370%, 6214 = Q-0 Y=o 43
717kl el ghed Ao g Zrlalgch 2 DMNcb
Foidell = 3202 4004 2]opell 5~1347F 4
sHyev DMN3 sl5d 54 Fodgh Fola f~
19747k ako| =lo] DMN 2t sl& 1% Fod ol 4
A o2 go| s %= Table 4 #2)

2) ZYHo|HE Quis 4N

(1) liFi'.l R, 30 ppm, 60 ppm F=4 #E
of gl =& 159 Fof el F 3aba)z] AgEF
o] 4 I‘a‘-fi}ﬁ |7dH o2 SwWil 47| ks a) opgk

Table 3. The body weight change according to the
experiment duration(Unit: g)

Duration g4 6Ms 9Ms
Group M onths)
I 48117+306 555.00=917 59933929
I 422004656 47433603 54567 4,40
1 49357+9.02 472.33=1050 529.00 =529
v 38833=850 374.33=86] 3086735
v 45277910 53360=1331 56917 <6.20
Vi 40947 =388 47473458 49000=T750
VI 46057=1204 50810=79 510.47=254
VIl 8065001 361.32=872 39067350
®Jean=5SD

L

anf Hu el f2Fal e]mdbe] Sdd o g}
el 1% =59 #HEo| 4e 2 139 Fob o
A A"l He e FAHE FH A o) g
Alubedade] Jepyton] 4ale|ut ojale] Aubi) Hay
of 9l g =4 o Z(lymph follicles)7} of = o) o]
& Axgn 3y nte] Fao] mabs|gl<HFig 1)

LDn B8Fa Fodh ool ffol e 2ainte] &
go| el 7hef ﬂ”ﬂ +#e] zabsgich, DMN
TFrod Fofl 4] = 2hef| 4] T DA e Are 94
abzh gabsla pAAHo R Adk wie] Jelygot
Folgh oz Frof ol Wale Frp Tz
of 24 3 o},

(2) 378 Foiz; 30 ppm F522 sfEo] 245
=5 9fgl dedTele 2te F4 AW S35 A=
9| ajub widde] FAs= o] He|gh Ane] giyeh
=4 YA e S o] aslA] ggokch

G0 ppm Fx2 sFe] @4 5§ Fojgl AgF
of = Zhelld HE Wz FEx 9 2uleidde] 3]
3, Hadel s Aele] P 22 2ldeo] Dislw
:Hn,}s} Aol glEa o Lol H2gle| np4d eizg)
AHE B
1% =29 J’P‘ﬂ] e g Folgh Ay el
e 4 T4 AW ol AHE Al L2e) g
elabd a2 A= FEEe Aldw4de] 2has]
ok HYelels £8€o| 9o WEH T 2 Fo] v
bdef glom Alelds ol ubdedE 4 Zg
Adire]l 60 ppm 5 dEe] FHH FET 5o
Toll vldl s Al

DMN Fefelde slaggd Har S2a4 2
Al Adade] el dfE w34 Ee sJLrJﬂr
et wli4de] ojatd e 2 delgicl Steldaleld A
«| ZhE o) del M EZr2l gTA A Fol] Zals
Yoy foule ol gla|= ghoto

K or

Table 4. N umber® of liver cell dysplasia of each group

Duration 5.4 fith Oth
Group (Months)
L3

| 0 0 1
11 0 0 0
111 0 1 1
IV 1 | 2
W 5 G 13
Vi B 7 14
VIl 7 2 15
VI G 13 14

*Total average number of dysplastic cells in three
high power fields
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S 2APeil = Hubd ez gbdd dF M2 3HFo
F# etell 4] 2abe] =lelel, 30 ppm %W 60 ppme| |
& FofFola Fheld $labgtel] ebsh &l gl FAbEE
kA Bort 1% FE9 #Hee 44 &
Hell e zhelly HFEe & of Asa 86 &
o] glelonm SAulel] 24 wl ubyd dF 2o A
fo| efd 2] eyl

(3) 6708 U 978 =FoP; dl=e] i

Foiq AgFolA el Al HAsE £

ki
i

Fig. 1. Acute gastritis with
ernsion, 1% phenol treated
group, | week.

Fig. 2. Chronic ileitis with re-
active hyperplasia of follicle,
60 ppm phenol treated group,
fth month.

I HAEEH A% A FAaEg cHFig 2),
DMN & 5% ATy s F44 HA
g2 =277t i AAR A Fg el AAe
cha FE# A cHFig. 3). wl-&atel 4 Fh4l £ o 84
AZ7F 648 of we] Pas]a(Fig 4), 971214
= G Aol vl A= e g of Sxbsleich Al
A" F90o] 4587 of AdlaAn 484 o{fibrot-
ic band)7} o WA #ae| sleo] sk H@sp s
A Elglc), ol g HARE G0l wlE OsfH o] 4
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Fig. 3. Ill demarcated regene-
rated nodule with fatty chan-
ge, DMN +30 ppm phenol trea-
ted group, 6th month.

Fig. 4. Liver cell dyspla-
sia, DMN +1% phenol treated
group, 6th month.

A =%« DMN & %<z 30 ppm, 60 ppm ¥

wo HEo] Y B F2 ASY AYTelA 2 1. FAsEcEH o4

of vpepyt o= fFabElan § 3] JelhG HEls e R 1534 3 Aste: Fgmdsa)on

£ 3AUAol #AsUD 243 FARAE 2 gag up AL dzPodde Ewle] HHshw

o DMN$ 73 1% $59 sl ¢48 E% 7  (smooth) 52 £8vetos #a5%eq 30 ppm

= AT AdZeAd s ddEez e Abidel ek 2ope gzF3 fabsidoh 60 ppm EEE

A dwrsg dod] FHd 28 5 #4980 A% Rodql A4 7o el MEaler ae]r] s}

A ek 7 2FaAe4 sden(Fig 5), 1% £58) sxo
Fodgt Ag el 60 ppm Fol el vid § Aat
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Fig. 5. Mamillated areas with
irregular surface and focal ero-
sion, 60 ppm phenol treated
group, 1 week, (=1,200)

Fig. 6. Mamillated areas with
marked erosion and hole for-
mation, 1% phenol treated
group, 1 week. (> 2,400)

8 4 2ok t{mamillated areas)e] © <5 Eod gl o4 oz el ula] chas =|alaa] ple] 4
§-i5lo] Fojo] @45 mekf el sicHFig 6). EAWe] A ate] seich 60 ppmel #HZe] el &
+ Fo3 Tl 30 ppm ool vlE] =4k e

E Dl xl&o A r
5: T"‘I'l_ |‘E |a&| E E] ‘L:'.I'SLI}l .l:lf:lli_-‘;ll_l.l-l-:hll.-{-'l Jﬂ.#'__r_-a'! E:lﬂ-'l"_ ':'13?—_"_'1.1]'3]&1]

oA 2@z pae slzde|aqt gargt b 0 TF0l AR Ferista)e] FEw Y ¥yHew o
o2 s ek} o] Il =2 2% (myelin figure) F4E el

1) HlE £ 30 ppm F52] #HEe] Hal 2& (Fig. 7) .
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1%2] &) s &8 Foldl Tolld Fha 2
o z|dbe] wiubd o g el vl EEE 2ol gte]
s sxer H450 2LAE glgc) = 4
el glid(lysosome)e] Y2z atslqlied

LDs #82] Hleg A+ T3 AgFeilde 20
H Zof zebo] po] el D 1% dF FofFel v
# P|EFceols vty aly] gl faxr gde| @z

A 27 H Al 6E 1993

Fig. 7. Mitochondria with focal
membrane destruction and my-
elin figure formation, 60 ppm
phenol treated group, | week
(10,000)

Fig. 8. Hepatocyte showing en-
larged nucleus, prominent nu-
cleoli, many fat droplets, vari-
ous shape of mitochondria and
increased number of lysosome,
DMN treated group, 3rd month.
(> 3,000)

& FrlE g v|EF e meks B si3el
A7 g AFAEE A7 o] AHejH4E s Al
2= e g
2) DMN FodZ: = dgF zhell debd 470
A7k wte}l A2 dlo]= gliod Hzl #Ho|H
P LAY faslgoeng ghH ZlEdinzal g
A #7)zho] 7Bl wel P 2] wle] Hzlm WA
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—a cdE F5e] 3w A o)A)E o el g AT

H7} Feld] How dule] =g vld] FEn &
T EA e d4de EFHsz =& (co-
arse)iles] #ul Falel uhe] med gloich =4 Al
EAYel 2ubHe] gre] Jehn 2l4ds weo| A
s 2lckFig. 8).

AR Aleloll stg]Ae] FH@w  Ape] alelo] 4
Rz, FAF A M 25 #a)an ik 3
NEA N wlnbd ez Jeps Alwzla] 27 &
THER, 5% 1% 59 dHE5e] $23H ¥ &
i Fell e =uwao) 279} 2ake] o] EarE 4o
(Fig. 9).

A akel] 2A|F vlHlFRE dj=Fol v AHY
Toll e del el ezl gelrRn 47} zHas
= okabe] s g FEo§ Ee #8585 #dAEg
TE €5 A#A et

at &

Abd o] et o Ee] ge gt EYEE AbEEA
ol o] Fel 2|3 F5olu} Fa)Ee] W whaysiA
Haleh slEe Wy fsrl 2 o Fof Wiz 4}
E5 1 gleor Wilele A5 808 A8 gl
=G Alwgd AR ErhEd o4 Fooz gld 53
= AAE] Al AiE A7 wide] =g #
Fol o] &E2 5 spEcpy,

HEel ogt TS5 4Pl FE9 737 e
b eldel FH e glElHe deldel o mol
gt 3 29 1980 Y2 19849 of Rell4
ERtTE e]ge HT felvelelldE JEFE HE

Fig. 9. Hepatocyte showing en-
larged nucleus, prominent nu-
cleoli, irregular size fat drop-
lets, and mitonchondrial mem-
brane destruction with myelin
figures, DMN and 1% phenol
treated group, 3rd month. (x
4,000)

& FHZ ge FHr A2 geic

Als 2 AslyE B9 A Eg4de sz o9 &
Aol 2] FH(tasteless)dlt 414 B Fa
=33 dbaEsle] Algteld v #ggely HRE 5
wa] Fosln dAE 2447 qbel] AlAHE Ba) ejd
Hep F& Feo ofg 54 B4 F4a 4L
Hodln HAAH &5 fitsls =lz AF kgt 800
~1,300 mge] 22pgke g gheja glcp ¥,

TEES A% A e d432(chlo-
rination)el] #/3] 4% 2, 4, 6-trichlorophenole]
ubEo] A5t 422 chlorophenole] A4 5 c) sEz2
daa]el o2& 54 F7ksiv] chlorophenol s
455 b 2 545 AAA sedl 2, 4, 6-tri-
chlorophenole| 7t3 F4e] ¢ ol FHou} 4
Hell 4 g dle F48 712z qeles 9473 &
_F_i il::l_l:--lB:l_

dtH ez Y dotdalela] glsls) ghais o
FUHE S L (Fagla) e o] B}z
Al wtHe] =g Mg, deulzu|g sFtel Ale]F
gefle|E w ofeirla] T2F 53 &AERals] gl
o, @3 WRA=E geo] AlEseld DMN 2 54l E
oluf FEGolY HEe| =, 25 ofr|Fe] ¥gF
o] gl alalel] F5e] 2 7|37t Holdlon, 4
HEsold obyd 254 77 glEolt 7i9ls Fubdl
chan ghopom

DMNe| zlell o]zl =4 282 o]Fo] zlois
FHlEe] Yoy Falcfababiel Flelsls Moz e
+ T E2 cytochrome P-450 mixed function
oxidase systemsl| 4 ¢| 5o otz &, oo 8w
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vl2u| g HA Ay o 54 FE2 FAsgcn §
h—_;l_!!l—.!i.]r

A4 FEe #AES HEyt Fodd AgF el
vl 1% FEZ #HEE 4o 543 F4 #abgo
30 ppmelvt 60 ppm FEH #HEE TG To ¥
# A dEld DEEels FF2 = AEA o
ey,

DMNE o 124 #F kegot 10megs %704
Fodstdd HEE o R ATl AutEe
DMN gt b5 Folglh 7ol ols] sleg @A S5
Toll 4 Apubge] Eotn Fedfh HEgs FE7 224
& Alubge] witel ol DMN AaAlg 545 ¢l=
ot HEewd € FolPgozH FA4 Zfe] Abgdied
vebg Hnla g g

T oAdgreld 3AY, 604w 9ol SAH 4
Y wEls vy e S5 F 72 AYE 7
abell wleefa olF pre] alFe] Frbslgledt 30
ppm % 60 ppme #lEe] Hgl AErEF TETE
Foldt FellMe HFo Fol2t Avlglen 1% HE
FoATolME olF Avjdldn 6MUAE Aoz
5 A ded flae] g FE YT FL g
Agel Bi5 F& 92 4AYFY FEoH 2Ar 4
Abut g7l 449l o Boleo olel Yele] HYE
4% sleh 30 ppm E=29 60 ppmEE 54T
& ¢la4] 60 ppm FE Foipeld wde] Ade
£ HF F717) sleled olg] #Hdle] Felglzle
Y o gla=

=% DMNE Foddldd 22 o f 29 #ed
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