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Abstract

The objective of this study is to evaluate the biological effects of the intertidal rocky
shore ecosystems after the crude oil spill accident in Rayong province in July 2013. There are 4
topics in this study (1) monitoring studies on species composition, abundance and community
structure of macrobenthos in intertidal rocky shore in Ao Phrao , Samed Island, Rayong Province,
which was affected by oil spill compared with reference sites (Khao Leam Ya rocky shore). The
fieldworks were carried out in October, December, 2013 and March 2014 by using Photo-quadrat
technique. (2) Measurement of biomarker of polycyclic aromatic hydrocarbons (PAHs); 1-
Hydroxypyrene (1-HOP) and 2-Naphthol (2-NAP) in three species of intertidal rocky shore
molluscs namely coiled snail (Planaxis sulcatus), whelk (Morula sp.) and rock oyster
(Saccosstrea cucullata). (3) mesocosm experiment on measurement of 1-HOP and 2-NAP in
those three mollusc species which exposed to crude oil for 30 days (4) histological studies on
rock oyster tissue contaminated with crude oil. The results of the study (1) showed that the
abundance of intertidal rocky shore macrobenthos in Ao Prao was significantly different through
sampling time, being decreased from 182.2 individuals/m’ in October, 2013 to 132.0
individuals/m’ in December, 2013 and 132.0 individuals/m’, respectively whilst abundances in

reference site were not significantly different (p<0.05) through time. 1-HOP and 2-NAP were

I



detected in all mollusc species collected from Ao Prao with mean concentrations decreased over
time whereas both biomarkers were not detected from molluscs sample from reference site (Khao
Laem Ya). Concentration of 1-HOP (1.421+0.227 ng/g wet weight) in whelk (Morula sp.) which
is one of rocky shore predator collected from in December 2013 was higher than grazer (coiled
snail; P. sulcatus) and filter feeder (rock oyster; S. cucullata) 0.039+0.009 ng/g wet weight for
coiled snail and 0.094+0.009 ng/g wet weight for rock oyster, respectively. Like experiment (2),
concentration of biomarkers in molluscs under 30 days mesocosm experiment decreased through
time. Highest concentration of 1-HOP (0.58 + 0.04 ng/g wet weight) and 2-NAP (0.26 + 0.05
ng/g wet weight) was detected in whelk (Morula sp.) ca. 2 times higher than S. cucullata and P.
sulcatus after being exposed to crude oil for 5 days. This means PAHs from crude oil after the oil
spill accident can enter the rocky shore food web and bioaccumulation potential by rocky shore
biota might depending on their feeding types or metabolic rate. Histological results revealed that
tissue of the rocky oysters observed in the day of 10, 20 and 30 day were not affected directly
when exposed to crude oil. Comparative study reveals that none of notable differences was
observed in gill tissues of oyster collected from crude oil spill site and reference sites. But the cell
and tissues of oyster contaminated with crude oil for a longer period of time, may be harmed and

eventually became death.
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EEl Isognomon nucleus
B limpet

B Monodonta labrio

E= Acanthopleura japonica

-

a

o
1

100 -

Total abundance (ind/m?)

A
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VISI/IIISIIIIY A
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d' g’/ o J Y a a dy AR
NNN 4.4 ﬂ’J'lﬂJ‘];ﬂiﬂJ‘VNWNﬂﬂlﬂﬂﬁ@]]ﬂuWﬂuiuWWﬂWHSLUﬁ@QWHV]ﬁﬂEW

s v [ ~

1 o a ¥ { { ] v %’
miu‘wiﬂizmﬂmmﬁmwumuﬂlumﬁmﬁuﬁmﬂuuuﬁuuueummmuuﬂu

U

o J Y a a

L 1 [ Bgl
uuad Tagmwz lungudainihauriaeu voouesutndu (S, cucullata) wolnduuai
:) A 1 [ %7} = =} w %7} d‘ 1
AFIFAADITUINTZAVUI 1.50 DI 1.75 uastniiosza Uizl unais (i 4.5) i

1 (% 90’ U SOI
NOIATOIUATI (P. sulcatus) WUNINTEHINITEAVUT 1.75 D4 2.25 uasmiieszautimeiailu

na1s (Mnd 4.6) Taomnizluewd i wuRenunguresd® (A1 4.7) tazgneongsy

% I 1 a . a a ~ 4
(Morula sp.) Fududawtianilsluszuutinamaiu (0 4.8) d1unosla (E. mallaccana

. I v Y A A 1 ~ Y] =Y %’ tg A
U E. radiata) !TJ‘Llﬁ@'ITHUTQM%uﬂLﬂuVI@Tﬁﬂ@QUﬁL’JmLLU’JUWGUU?NG'@ (2.50 LUMT) 1Y UD

Ll q

[

¥ J o a o 1 A o Y A o a o 9
‘imnumzmﬂmﬂmd GUf]lﬂ/lﬂﬂi\?@Qﬂa'I'Jﬁ'lil'liﬂﬂuEluul,@!,llf]‘Vl1ﬂ153lﬂ51$ﬂ1ﬂ5\1ﬁ75’]0°]§11%u

4 Y a gJ/ dy =

o A % <3 1
YoIdA INTNAUN a0 UA 1A83FA1T Non-Multidimentional Scaling (nMDS) H9azitiu 1aa1%

] J v J a [ 3 ] @ A o
ﬂTil,!,‘]J\‘]ﬂ’qll"llEN’GTGITHﬁ}1ﬂu§l'lil‘i$@1ﬂu'l@81\16]5ﬂﬁ]u Tﬂﬂlﬂw1$°ﬂ‘i$ﬂ‘u 2.5 LiJG]iL‘ﬁﬁﬁ]

[

g 4
szaulmzaliunag ("MNN 4.9)
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Ao Prao
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A
225 pct
2.00 oct
175 Mar
2.25Dec 1.75 oct
2.00 Dec
1.75 Ded-50 Mar
2.00 Mar
225 Mar 1.50 act
1.50 Dec
B
2 00 Mar
1.76 Mar
1.50 Dec
1.75 oct
228 oct 2.00 oct 1.76 Doz
2 00 Dec 1.60 Mar
1.50 oct
7 25 Dec

H v a
NN 4.9 Non-multidimentional Scaling (nMDS) Ll,f;‘fﬂﬁIﬂ‘Nﬁ%}NG]giJ“]quUEN’d@]ﬁ]‘l’iﬁ’muiuﬂm
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A o a L= v Y a = vy .
WOMINITAATIZHATUANNNAINHA19V0ITA I AU Bsznounae Species

Richness (d), A % i1 a1 a8 (Shannon Wiener Diversity Index; H') a1 e A A

v
=S 1

v Y Y v Y
d1aue (Equitability Index; J) TuuInansaessnunifnaneiausanar nunluiivien

9 A v A 1Y o Y a a = | ] d'
windariianurainvate (1) vesdainthaulumaniuisiaaasmiusiana luvaeh
o A ° a Y A < N A v v w oA '
arianuaiiave () Juud Tivhasaaiuldluiemefernunuasiinnuvainvais diu

Ay A A Y A o 1 a 9 [} <3 1 A A

lununusnawihnhnsgneuuiamananma vymizadanua Jariin

[ :'a [ 4 a a 1 ] @ ]
nanvatguazasiaNuanuaNovesdaintaulumaruiaanaiadu luuinaiu

] { o < [ @ {
GIf'NL'Ja']ﬁ1’]']fnﬁLﬂUﬁﬂyaﬂﬂLlﬁﬂﬂﬂﬂﬂ’]ﬁW\?ﬁ 4.2

M9199 4.2 Species Richness (d), Shannon Wiener diversity index (H') 4812 Equitability index (J)

¥

TuNuUNANYIINFIA

1A 91NN AN
D H' J D H' J
a1l 2556 1.26 1.34 0.58 1.59 1.70 0.77
FUNAY 2556 1.35 0.89 0.37 1.65 1.84 0.80
WUIAY 2557 1.13 0.55 0.25 1.09 0.85 0.44

4.2 M373537AU31NMAIVIFN19BININ (biomarker) VB4 polycyclic aromatic

¥ v
v U

Y (Y] d o a a
hydrocarbons Gluﬁaﬂﬁ"lﬁiuwanizﬂumnm@msmummﬂﬁamnmmﬂﬂumm

AN IMZIANA INIATZED9

Y
N15ATIVIAAILITNI9FININ 2 ¥UAAD 1 - Hydroxypyrene (1-HOP) 1o g 2 -
Naphthol (2-NAP) Taomaia Gas chromatography - tandem mass spectrometry (GC - MS/MS)
Y aa a A o . . o
uuHJH'J‘ﬁﬂ’lﬁ'Jlﬂi’]g'ﬁﬂllﬂi]'lllﬂ']l,w'lglﬂ']g%\1 (SpeCIfiCIty) Chromatogram VITTITUINTIIUN
2 Fila 3 peaks LINDBNNNUBENFALIY 1ATD9 GC - MS/MS LaAd Chromatogram UY94a17 1-

9
HOP-TMS 112 2-NAP-TMS TUanyuuuUduNIAT A Retention times Vo4e15U52n0UNg

a03%1aN1/35109 11 Chromatogram uara@smfaANA19AY TAgA1 Retention time a151)58n01 1-
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HOP-TMS 1418 2-NAP-TMS UA NN 11.04 1aE 6.50 MNANEIAY (AINN 4.10) H995191781

~ I 1%
nilsngazdludnyazmmezyesasilsznen 1-HOP uag 2-NAP

201
157
Q 1-HOP-TMS
O
2
=
B 10
c 2-NAP-TMS
9
=
™©
oy
D
n 57
0 4\—.-h JW «WQJW-.OJ.-, - ,Ji-
50 75 100 125 15.0
Time (mins)

MNA 4.10 A1 Retention time @15152n0U 1-HOP-TMS 1182 2-NAP-TMS

9 9
v A

Tumsuaseiasatl 1 Inuanstvaey lessuluTnuanaonr19u7a (Full scan) tag
HULABNTUNIZIIZ Y (Selected Ton Monitoring, SIM) base peak ion YBIN5UNITIEH 1-HOP-
TMS WUNS N UG 215, 244, 259 t1az 290 TuvaeN 2-NAP-TMS WUNA KU m/z 145, 173
uag 181 @1515znoU 1-HOP uaz 2-NAP idruilszneuveany leasonda (hydroxyl group)
& o aan U a Y A 1 1 a aan aan d‘ d'
Faansorinl§nsernyledala Janwies heemsnalfisennluldgasenmsaaoun
AMIANAITAZA1E N, O - bis (trimethyl silyl) trifluoroacetamide (BSTFA) 3uilumstivuniula

2 = A A
LAZINUANMEDOTNINVDIOYWUT |8 (1M 4.11)
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100l 1-HOP-TMS 290

\s

8

\/
50 4 H‘
| é 275

[ 259
45

189
200 215 244 |
29 “9s3sees | se 190410 122 435 149 163 174 dhzze. b b L

20 30 40 50 60 70 80 90 100110120130 140 150 160170 180180 200 210 220230240 250 260 270280290 300

\
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o

100 2'NAP-TMS 201 216

7 /
CY T ™~
50 S’ N

Relative Abundance (%)
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3 101 127 141 e

0 28 45 |77 87 | 115 a1 [ 155 . ‘ Al |

20 30 40 50 60 70 80 90 100 11D 120 130 140 150 160 170 180 190 200 210 220 230

185

lons (m/z)

2N 4.11 Chromatogram vo3a15U5¢n0Y 1-HOP-TMS itag 2-NAP-TMS 91n1A5049 GC -

MS/MS

a 4 ' @
NNANITAATIZHNLIINTATIVIA U T multiple reaction monitoring (MRM)

A 3 ax A ] dytﬂ a J A o 1
VYOUNTDI GC - MS/MS LTJU'J‘ﬁﬂ15‘1/]ﬁnJ13f]“]J\ﬂfﬂ\1‘;D'UWU?J\‘1’0\‘1ﬂﬂﬁ%ﬂ@ﬂ‘ﬂﬂﬂgiuﬁTﬁ@’)@ﬂTﬁ

a

Y Y LL.oA Y, ¢ o @
1@&!UULQW1$L%1$%\1L!’d$1”ﬂﬂ1 sensitivity ‘1/]%3\3 Gl“l)’cl,uﬂﬁWﬁi]uTﬂlflﬂﬁﬂielm"UEN’L’fﬁ‘]Jﬁgﬂf]“lJ 1-

U

HOP-TMS 1ag 2-NAP-TMS 18 wiiavesesnilszneuitiogluaisdiedisazgniniig g
uan lopeudos ) vodluanauazudainvesdnasuuIasenyl Tagny1 Mass spectrum
product 9IANITIATIEN 1-HOP-TMS WU m/z 259, 274, 275 Iz 2-NAP-TMS

v
=1

naaafi@Ine miz 181, 201, 203 (AW 4.12) TeseuTuanaved product aiidly
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9y
=1

anvuzmmzvedlesouvesasisenounaaz¥iia 1ag Chromatogram Vo4 loooumanilay

[

o Yo
g lsd sy

100 4

754

50 4

254

sz ludalsnald

1-HOP

73.0

275.2

274.4

258.9

100 A

Relative Abundance (%)

754

50 1

251

145.0

140.9

L |

250 300

201.0

184.9

181.0
203.0

173.0

|15 1

125 150
lons (m/z)

175 200

NINA 4.12 Mass spectrum of product UDIHA1T 1U52noU 1-HOP-TMS 11ag 2-NAP-TMS 910

11599 GC - MS/MS

1INM5a3 1951119 551U (calibration curve) ¥09a15152n0 1-HOP 1ag 2-NAP @

ANUAUTY 0.05, 0.50 UAE 2.50 ng/ml WUNFUMTFUFUTAT y = 78255x + 3109 G115V 1-



69

HOP 1182 y = 101950x + 41938 @115 2-NAP 1@ 18 uLaz U1 Correlation Coefficient (1)

A (Y a £ o v J 1w o ~ a1 Y Y
W30 MaNlseansauauNusININD 0.999 ez 0.992 MUAAU (NINN 4.13) (llﬂu"’ll'l‘lﬂa 1)

Y J 2 ¥ o da 9 o 9 9
uaag I uNUS e 1-HOP tag 2-NAP WCUANVAUNUSIBIUTUNUVLYUVUUDITITUINTIIU

' I [ 1 @ : a 4 Z o ' o
pguudaaiuny ‘%Qﬂ1§3lﬂ§1$'ﬂﬂauuﬁ]$u1 area peak UDIAITUADSTITUIATUIU

euieununinagiu FezihlinaulSunamsdled

400000 1  1-HOP

300000 -

200000 -

100000 4

y = 78255x + 3109
R*=10.999

8
o 0
s
® 400000, 2-NAP
o

0000 1 y = 101950 + 41938

R? = 0.992
200000 -
100000 -
0 . . . ' .
0 05 1 15 2 25

Amount (ng/ml)

MNN 4.13 N5 NATT 098155200 1-HOP-TMS g 2-NAP-TMS

v

a d 1w
Wﬁﬁ]1ﬂﬂ15’3lﬂi1$1’iﬂ1ﬂ“}fﬁ

1N

dy = a A =2 d
FNWNEININ 2 BUAAD 1-HOP L1ag 2-NAP % 913) W

a a a a % I @
WaWa@]ﬁ!ﬂﬂﬂ"lﬂsll‘ﬂ?uﬂ"lilﬂJﬁ”I‘]JﬂaéﬁﬁJéllﬂﬂ PAHs (1111’?@8 3 ¥UA @Qﬁmﬂumtmumawm

9
WU

31aaszaua1e q Tuszuuinemaiuilseneualy HeenTeauAsa (Planaxis sulcatus) 43
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WOANTTUNITNUDIHITUULYAUNE (grazer) HOOUNTNIUNNIY (Saccosstrea. cucullata) FINU
A y :

91113 lagn1snsesnuaIsuuaIvansluulau (filter feeder) 1A% 0N (Morula sp.) 9

3 Y = v W 1 A g a Y A o ] a ) 1

Audar afSeumMeunudIeg 19NN UINMIARUMINNTIINIENIUUHITIAURANK Y 1Y

< [ A a ] = A = =

imMztaNa TUsIuADUAINIAN LAz TUNAN TW.A. 2556 o UTUIAY HazNINYIAN VN.A. 2557
A =) % 1 a d' é

HAZIAPUNYBNIAY TN, 2558 WU 1-HOP 1ag 2-NAP Tud29819v0snnwsila (111N 4.14) &9

AANUAUT UV 1-HOP 1ag 2-NAP NAT1WULAITEHIN 0.039 - 1.421 a2 0.030 - 0.403

1 % 30} % o U Q %) 1 ¥ g‘l =)

P TUNTUAATUU MR on AINE1AU TLAVVDIAILITNINBININNY 2 FUAAAAIATY
[ v a Y o oa ¢ A o 1 Aa Y 2 &

Frnavaunamamsaliiuau Ina luvazidiednvesusnauuvauvgsauilu

a 4 1 Yo %} v Aa ] 4 a a
mnmﬁ”lu"lmuwaﬂiwuumuﬂﬂuwu 1-HOP 1iag 2-NAP Lﬁ’ﬁ]WiﬂimHLﬂﬂ@nlﬁHu@ﬂJ@{l

¥oonu11 1-HOP luneongse (Morula sp.) 19195 105A1g999 (1.421 +0.227 w1 TunFuae

v
v 7

[ %l v A A a = A o = 4 %’ a
nsmimindlen) TwAeudaniauil 2556 (1 @ounasnInnamgnIsaiiniuauialva)
luvaznasoaunsuazyiosu1asulnavy 1-HOP azanluszaudn (0.039 £ 0.009 uag 0.094

1 (%] 90’ (% [} % H
+0.009 1 TunTuABNSTNINHIUNAlen a1ua1aD (M NN 4.14)

=

1 1 H % 1 - 90’ %
a91 2-NAP UA1gaNga (0.403 + 0.073 Wi Tunsuaensuiiminalen) Tunesuiasy
=) A [ = 9 o J [ 3o’ o

1thnulw@eusunaudl 2556 audlereensaaAsa (0.305 = 0.076 W1 IUNTUABNTNIIHN
= -7 1 - SO} -7 = o % 1
@eon) wagveause (0.227 £ 0.079 Wi lunsuaensuivndlen) auainy Taelinanasniy

A d % 1 =< o A 1Y) [l o ] g’/ a
STEZNANNVAIDEN FIMAINAADUTUNAY 2556 TN 2-NAP Tudiedravoenianuyiia

(NN 4.14)
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--&-- Saccosstrea cucullata
—e— Planaxis sulcatus

—a— Morula musiva
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4 =3 &I 4 g}/ a 1 o a Jd a
fﬂ‘l/‘lﬁ 4.14 Y5118t 1-HOP 11ag 2-NAP 1‘1/!Lu?J!ﬁﬂ"’llﬂ\iW6EJ‘VI\1ﬁ?ll‘]fﬂﬂﬁﬂWﬂﬁ’JLﬂiW%ﬁ‘Uinm
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4.3 MIazay 1-HOP uaz 2-NAP luvieans 3 vilamealdszuunaasaionass

E4
(Z 1 A

N15AI9TAAIVIFNNTININ 2 ¥Hiafo | - Hydroxypyrene (1-HOP) ttag 2 -
Naphthol (2-NAP) Tagmaina Gas chromatography - tandem mass spectrometry (GC - MS/MS)
Y 3 ax a A A o . . 2
W uAFTMIATIZHNNANUTUNIZI1209 (Specificity) Chromatogram Y930 1T NIATIIUNG
2 %11 1 peaks LENBBONVINAUBEITALIU 1ATO9 GC - MS/MS Ua@A Chromatogram VYO4a13 1-
9
HOP-TMS 1182 2-NAP-TMS Tuany e UUauNIAT A1 Retention times ¥09615152N0UNT
=\ d' 1 d‘ 1 % 1 . .
ﬁ@ﬂ%uﬂ‘ﬂ‘ﬂﬁﬂgiu Chromatogram HUEANATNLANAINNU Taof1 Retention time d151U5znow 1-

HOP-TMS 1182 2-NAP-TMS HAWMAY 11.04 1ag 6.50 WIRAWd ey s9519na1ilsingas

L‘]C‘Juﬁlmelﬂ!mﬂ‘WW%ﬂJ@\Tdﬁﬂigﬂ@U 1-HOP i1ag 2-NAP

y Y

Tumsuasziasail s nuaastvaey lessuluInuanaoar1auia (Full scan) Lag
HUVADNTUNIZINIE D (Selected Ton Monitoring, SIM) base peak ion GllENmi%!ﬂﬂzﬁ’ 1-HOP-
TMS WUNA N UL 215, 244, 259 ag 290 Tuvauz N 2-NAP-TMS WUNA N U m/z 145, 173
uay 181 @151/52noU 1-HOP tag 2-NAP idiuilsznouveany leasenda (hydroxyl group)
é o Aaan [ a Y A 1 1 a aan Aaan d‘ A:;
Feensoinlfnsenyledald ianwteshaemainalfnsemnlulgasemanaeui
MIANATaZA18 N, O - bis (trimethyl silyl) trifluoroacetamide (BSTFA) 3udlumstiiuau’l

9 o ]

2 = o J = v A @ @ { {
l,l,’dZI,Wllﬂ’nm’(?fﬂEJ?JJ‘HWGU’EN’E]HWH“D"U],@ AUy lﬁ]ﬂ!mﬂ?ﬂﬂwﬁﬂllﬁﬂﬁﬂﬁiuﬁ’ﬁﬂl}ﬂﬁ 4.2 (mwﬁ

4.15)

1INMIa19nTIMIATF I (calibration curve) ¥4E5UTZADY 1-HOP LAY 2-NAP 0
ANUITUTU 0.05, 0.50, 1.00 LA 5.00 ng/ml WUNANMTFUFUAD y = 3060x — 3.489 F11 5V
1-HOP a2 y = 2001x + 1.445 §11150 2-NAP Iagfitiaz A1 Correlation Coefficient (') H3® AN

4 \ 4 o QU d‘
?fiJiJiZ?f‘Vl‘ﬁﬁ‘HﬁllWH‘ﬁ’Wnﬂ‘iJ 1.000 48 0.997 M1ua1AY (NINN 4.15)
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s . 1-HOP
14
13
12
11
10 1 y = 3060x - 3.489
9 R* = 1.000
g
.
6 1
5
4
3
2
2 1
S0
2
=
2.
211 2-NAP
% 10
9
8
7 y=2001x + 1.445
6 R%=0.997
5
4
3
2
1
0

0 0.5 1.0 1.5 20 25 30 35 40 45 5.0

Concentration Ratio

MNN 4.15 N5 Nas§Iuv09d15U52n0U 1-HOP-TMS g 2-NAP-TMS

aa

Y ] [
A15A3397A metabolite product Y8113 UAD IUF W FInF 5L AU 1-HOP LA
A g o Y a o w ' a a 9
2-NAP luresinidl udunugus Inadiauaie q Tussuuinamaiy Usznoudis voe
ATOIUATY (Planaxis sulcatus) R RREEBIRGEET (Saccosstrea. cucullata) has NDYUT TS
A @ v o %’ v Aa I [ 9 A a
(Morula sp.) o udgn U1 uaL lasasudlual 30 7 melaszuunaaouaioudss wa
AMINTIVIANY 1-HOP t1az 2-NAP luvios 3 ¥iia (MWN 4.16) ¥91/Suravo9 1-HOP uag 2-

dl = 1 o 1 [ %’ % =)
NAP 1A529NUAA15Z 119 0.060 - 0.578 1Az 0.030 - 0.258 U1 TunsuANSUU NN on

AN
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a 4 1 ¥ 4 o ] a
HANI3AATIZH MWD 1-HOP uag 2-NAP luilieigodieg19vesneonnyiia luya
A2UAN (control) tan101ATz UUNAAD U IOUITINY 1-HOP tag 2-NAP avaulunoongse
1 (% 90‘ (-7 o U % H
9999 (0.578 £0.036 1A 0.258 +0.054 w1 TunFuaensuiminen awdiay) luiun 5
~ PR A A '
VoIN1TINAA0Y 1uvaeNoeu19TuU 1AV 1-HOP 110189521319 0.234 + 0.034
[ 1 v %’ v = = (%] 1 [ %’ v
Tulasnsusensuimindlentazvesaseaunsall 0.256 +0.051 TuIasnsuaensuiimiin
o A oar b aa A4 \ 4 2 o 4
deon Feaiannluiemenesnzszlszuiu 2 w1 uaziloauganiainaaedluiug 30 wy
Pmnumsazauved 1-HOP mga lunesngsedalia1senin 0.032 £ 0.004 luTasnsuaeniy
H v A ~ = A ' [ o 3 o
iminalen Tuvaznvesu1asul1ndu TA152HI19 0.056 + 0.036 TuTasnsuaensuiiviin
= = [ ] (%] 90’ % = é ] =Y
Alenuazresnisnasall 0.056 +0.009 1 Iasnsudaensuiiminilen FanudSuians

ALay 1-HOP voanesuasnindvnazviosaseanasaluiun 3o ivanarsnulunieada

(AN 4.16)

2-NAP wuazanluosu135ui1ndu TA1521219 0.144 £ 0.034 luTasnSuaensu
¥ o = Y v 3 v A & A
Himiinentazvsensoaunsall 0.190 = 0.027 Tulasasuaonsuiiiviinilen ¥uilo
= % 1 ] ] an é % % d' ]
nSeunsusurosuziznu luuana1alunieadd F31da1nTuN 5 Y9INITNAABINL I
Yy 9 o ' 4 A o v
ANNANVUVDIA15TLNOY 1-HOP 1ag 2-NAP luaiodariosnsausiaiuui ldyanad

'
[

S £ o A A
Gﬂiﬁ$fJ$L'Jﬁ11/ILﬂ’]JGI'J’E]EJNi]Uﬂ§$ﬂQﬁUi:fﬂﬂTi‘l/]@ﬁ’ENEI,U’JU‘I’/:] 30 (D1NN 4.16)
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