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Changes in water quality and related environmental conditions of Osaka Bay in

summers from 2004 to 2018, focusing on river loads and COD concentrations
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Abstract: Using data collected from 2004 to 2018, the relationships between fluctuation in water
quality and river loads were analyzed in eight areas within Osaka Bay, comprising the A-, B-,
and C-type areas as designated by the chemical oxygen demand (COD) environmental quality
standards. Different trends were confirmed in each area, related to their location in the bay. De-
creasing COD concentrations were observed around the Muko River mouth, while concentra-
tions near the Yodo River mouth, near the Yamato River mouth, and in areas at the center of the
bay remained unchanged. These stable trends might be attributable to the high COD concentra-
tions in the inflow water at the inner part of the bay, as well as the in situ COD production in the
center of the bay. In summary, changes in water quality reflecting river loads were observed in
the inner part of the bay, but the effect decreased toward the center of the bay where in situ
production might be greater. Therefore, for the future restoration plan in Osaka Bay, different
approaches will be required, depending on the characteristics of the individual sea areas.
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T & & H LI PN B PR A B R 1 1 AT B
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AHRESIN, ThENEREILEMz ED 5, Bl
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w52k,
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INFTICH KENOW BRI T 58~
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Fig. 1 Eight subdivisions of Osaka Bay demarcated by potential topographical influ-

ences of three major river basins (i.e., Muko River Basin, Yodo River Basin, and

Yamato River Basin). The open circles indicate the positions of the survey points
where the data on nutrients and COD were obtained.
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Table 1. The environmental standard values for COD, TP and TP (mgL™") in eight analyzed sea-areas within

Osaka Bay
Sea area classification and environmental quality standards
A.reas. defined Applicable sea area by the Ministry of the Environment
in this study
COD TN and TP
A-1 Around Suma, Tarumi city
TiaaR Type ll
A2 Central parts of the bay COD?/; L TN:0.3mg L™ (0.0214 uM)
) ) < ma TP :0.03 mg it (0.0010 pM)
A-3 Around |zumisano, Sennan city
B-1 Off the Muko and Yodo River Type B Type i
coD: 3 L TN:06mg L’ (0.0428 uM)
B-2 Off the Yamato River Fomg TP :0.05mg L'1 (0.0016 pM)
C-1 Around the mouth of the Muko River
Tvoe C Type IV
C-2 Around the mouth of the Yodo River COD-yz L TN:1.0mg [ (0.0714 uM)
el TP :0.09 mg ! (0.0029 pM)
C-3 Around the mouth of the Yamato River

2?9 B, COD, TN, TP, ks (DIN:
NH4-N, NO3-N, NO2-N), #AFHEfEREY >~ (DIP:
PO4P), 7BET ANV aDT—INEAL->T 5
107 #E 2507 —=%+2y FaHB L 56
12, TN & DIN Lo #EH» o AHkEEFE (LT,
org-N £39) %, TP & DIP & ®#EM S GHAEE
VY (LLF, orgP & HRT) OELRDz, L7z
255 T org-N & org-P IZIIIELEAHERE & RN A S
BoOLoNEGEN, WINLMEYRT MY ¥ A
EELbDThb,

L7107 £y b OF— 7 2588 5 N7 B
DALEE, AREIC X o TR D2, A-1 I

6-17 M Tdh o 720

2.2 COD, TN, TP @ kL Rf#Eif
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LHAI O COD W1 & ORI % 72,
RAEZMDO P L Y FIZKRDO L) I L7z F
¥, RPN B B KOG DRAEZAL % iR

T 572012, MEISFEOT—FI27 ) F V7
M 2 i L CEAAEOFMEMN 2 /MW L, 5517z
XD IR AT DRFFEEAL & FEA M5 720 KW
T, W7 15 SFEDFEFEHEE) A H LOWESS i1k
FIZED MUY N ZH L, Sen's slope i &
DZFEDOFL Y FOMEE (slope ) Z5H L 72
Slope THD A EMEME TI&, AKICHERY OAEA1ZE
BFENT I8 L 72 Mann-Kendall 3 (PoHLERT, 2015)
PHWZ, KT, slopefiTEEINSE ML vV
FOHEETH LA & L, AR
RTE Lo 2GRN TH L AR L
720

LR & 12 B4 5 COD i FE oo B i o
R CIE, WA ZRDO LT V=TT L
7o 9, RIBIZHAT L0 LitmDO%
W AT B RE, wE)ll, g, KA
HFHL, ThEFhEEHECHL/NINIZELL O
EL720 IRWT, ENENHPIAT D IR
LT, UTO37NV—TIIXG5 Lz T§hbb,
C-1 38 AT AR, C-2 MIsIZmAT %
PEJI & AR, B X O C-3 #EC i A $ 5 KF1I
Thbo TDHZT, FWN GBI Z &)
@ _EF, iR, FRICBIT 583 1540 COD i
e KRB —-FHAET—5 L5 L7,
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KIFIZBIT 5 COD EDKV-54i (Fig. 2) 13,
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WK ALNDL LI o720 B-1 BL B2
MR TIE, ZRZENOBMNTIREAN RSN,
B-1 R Tl FIE B EMO C-1 & C-2 i
BB 23T, B-2 ¥ T R U BRI
MO C-3 MBI BT 28I T, L biZHmn
AR 5N Tz

A FIRREHRICBWTIE, (3T EEL
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BTREDE L 7 2 MDD > 720 FETIXIZIT
EHIZBVT3mg LI MTICBEE o TWAED,
FHEAED 2 mg L 272 L Tldv v,

AWFFETERE &R % BT CZ NN ORAEZS
o b L v FENT Lok (Fig. 5, Table 2) i3,
g L IEBICB T 2 EB ORI TIEI RN
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Fig. 2 Distribution of COD (mg L") in summer at the surface of Osaka Bay from 2004 to
2018.
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Fig. 3 Distribution of TN (mg L) in summer at the surface of Osaka Bay from 2004 to 2018.
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.4 Distribution of TP (mg L™") in summer at the surface of Osaka Bay from 2004 to 2018.
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Fig. 5 Temporal changes in COD in the surface (circles) and bottom (triangles) layers in
Osaka Bay in summers of 2004-2018. The solid line and grey line show annual trends in
the surface and bottom layers, respectively. The broken line indicates environmental
standard values in the respective sea area.
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Fig. 6 Temporal changes in TN in the surface (circles) and bottom (triangles) layers in
Osaka Bay in summers of 2004-2018. The solid line and grey line show annual trends in
the surface and bottom layers, respectively. The broken line indicates the environmental
standard values in the respective sea area.



The water quality characteristics of Osaka Bay

TP (mglL)

(@)

0.20

A-1

0.15

()

o o
Q o o
o T T T T T T o T T T T f f T T
2004 2006 2008 2010 2012 2014 2016 2018 2004 2006 2008 2010 2012 2014 2016 2018
g 8
2 (c) A-3| S 1(d) B-1
uw w
s S |
g
g 2| =8
= o o
o
~
0 )
| o
o o
o (=)
e o o
=4 T T T T T T o f T 1 f T f t
2004 2006 2008 2010 2012 2014 2016 2018 2004 2006 2008 2010 2012 2014 2016 2018
8
= /(e) B-2| =4(f) o
w
e =
_— e o
P |
= o
e e S
~ o
s}
o
= S 9 °©
7}
a
2 =
o o
[
S i 2
o T T f f T t < t T T | T f f
2004 2006 2008 2010 2012 2014 2016 2018 2004 2006 2008 2010 2012 2014 2016 2018
- 1(Q) a 2| « 1(h) ¥
- 1(g c2| = [(h c-3
b3 A <
o A o 7
ry A
o ©
£ o o ©
o
= o
s S 2.
o | =] s
o (=) f

1
2004 2006 2008 2010 2012 2014 2016 2018

T
2004 2006 2008 2010 2012 2014 2016 2018

year

Fig. 7 Temporal changes in TP in the surface (circles) and bottom (triangles) layers in
Osaka Bay in summers of 2004-2018. The solid line and grey line show annual trends in
the surface and bottom layers, respectively. The broken line indicates the environmental

standard values in the respective sea area.

89



90 La mer 59, 2022

Table 2. Results of trend significance test in COD,
TN and TP concentration (mg L)

Sen's slope

Area 4 5
(mg L’ year’)

Significance

cOoD Surface

C-1 -0.104 * %
A-3 -0.078 * %k
A-2 -0.072 * %k
B-1 -0.065 * ¥
Bottom
A-1 -0.063 * kK
CcA1 -0.059 * %k
B-1 -0.057 * %k
A2 -0.032 * ok
A3 -0.043 *
C-2 -0.075 *
TN Surface
C-1 -0.028 * ok
C-3 -0.023 * %k
B-1 -0.016 * K
C-2 -0.028 * ¥
A1 -0.010 * %k
A3 -0.002 * %k
A-2 -0.005 *
Bottom
B-2 -0.016 * %k
C-1 -0.011 * K
C-3 -0.012 * %k
A-1 -0.002 *
TP Surface
C-1 -0.003 * %k
C-3 -0.002 * %k
B-1 -0.002 * *k
C-2 -0.002 * ok
A3 -0.001 * ¥
A-2 -0.001 & ok
B-2 -0.001 * *
A-1 -0.001 * K
Bottom
B-2 -0.002 *
A3 -0.001 * K
C-1 -0.001 *
¥ p<0.05
* % p<0.01

year V) AR SN, KB TIE A-1#EEE SO 72
ETOWETHER KD (A-2: —0.063 mg L™
year ', A-2: —0.032 mg L™ year™!, A-3: —0.043
mg Lt year ) 253 5N,

(2) £2% (TN)

RKBIZBIT B TN BEOKFESA4 (Fig. 3) 13,
BRO CEAREHE (TN O IV FHRE % %
R BRI IEHEEAS 1 mg LY ICB W TELE)
BRENDH OOSREERDHTH Y, FEM2 S0
I SRR IERRDSBUC 2 D, IR R A
LTV BETARLTWS, F72, 2011 4E % B L
EWEICHZY, FW L TIE TNIV FHE O
HEMEEZBZTVD I DD 5,

B ARG i (TN o IIT 38835 58 i 12 AH
W BEBEHEAT 06 mg LY TIE, C-2 #EBIC
3 % B-1 RS R AS R W ) A3k L
TWbLO0, LK1 TN-III 8 o 3 k4l %
M2 HHITIIE L K> TETBY, IAFEIF L
HIHEMELINIC D DB E AT I ENTE 5,

A BRI EdE (TN o I1 8RR & ds Al
W BREEILHEAEAT 03 mg LY TIE, 2004 4EA S
2010 4F1CH T T, A-1 iEi o B-1 g i sz 9
XY T & A-3 R O BN o Hh g TR B A
BV (04 mg LR IMASEL S vz s, 2017
ELRFICEREIHBALTBELT, A-1BIW
A-3 i e HICIZITILEME LIS D 5o

ML v RN (Fig. 6, Table 2) 12k b, g
TN EEEASEE 15 4EMIC, B2 2B {&xT) 7T
AHEIWCRY L7z Booniz, KRBT, Bl
®D C-1, A-1 {8, B X OBEE D C-3, B-2 i
CBWTHE R BN (C-1: —0.011 mg L™
year !, A-1: —0.002 mg L ! year!, C-3: —0.012
mg L year™!, B-2: —0.016 mg L year!) #3&
SNie 72, BERIICHI-DH A-3 I TITE
MWz @E LT, EhfElo A-1, B-1 BLXUOERD
A-2 #ETIE, 2015 fEDLRE, JERE TN 2958 TN
Z ko> Twiz,

(3) £ (TP)

KIBIZBT 5 TP REOKF54 (Fig. 4) 13,
BRo CEMIREHE (TP © IV AR i
CHEY : BREEIEMEAE AT 009 mg L) o4 TIZ
TP-IV M 0L % B 2 2 REAHE &, TN i
JE & AR SRR TH D, M S micm
PVERERABIC 2 ), RESAMISHA LT
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Fig. 8 Time series of the COD concentration in riverine water with a large flow to Osaka Bay

and each sea area in 2004-2018. (a) COD concentration in riverine water of Muko River and
C-1 sea area. (b) COD concentration in riverine water of Kanzaki River and the C-2 sea area.
(c) COD concentration in riverine water of Yodo River and the C-2 sea area. (d) COD con-
centration in riverine water of Yamato River and the C-3 sea area.

W T ERL TS, BETIHEC-1 BIY
C-3 I CHHEAELL T O DSH BN B, C-1 i
WORPT AT ¥ PR 20 F%, C-2 ik
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B AR ik (TP o 111 2EA 8 2 3 A
W BRI IEEEAT 005 mg LY TIE, B-1B Lt
B-2 i 3% B ¢ TP-IIT FE A o0 FedEf % 48 2
BT DD o72h, 2017 LRI I E 40 Ak it
HULTFTH o 72

A FERE I (TP o 11 FE A G 52 i3 (2 A
W BE AT 003 mg LY Tld, TN & [AkE
2 A-3 HHEO M TIEIEEHELL T TH S DD,
AT TP M oSl Z 82 5 2 &2 -
720 2018 AELIRETIZ A-1 B X OV A-3 i & %12
EIZEIADIIE DN E 72 > TV D,

ML Y FENFICX Y (Fig 7, Table 2), C¥®

R CIE R LB O TP IREIIFAETSH
D, A, BEAE R TR TP RENERE %
B AEASA S N7z, FEIZ B-1 #SC BT 5
JERE D TP IREEDSHE T > 720 /8 TP RS
FETOWRITBTAHBEIZHS L T,
COD, TN &F U<, RENIFRIROMITE AL TDH
% C-1 S ToOWMP R DKE W (-0.003 mg
Ll year "), IKRICBWTIE, EHRMO A-3,B-2
MR & EALF o C-1 IR TH E 2 WY (A-3
-0.001 mg L' year!, B-2: —0.002 mg L!
year }, C-1: —0.001 mg L ! year ) 2388 5172,

(4) 3A)Il COD &ROREIEED COD & D%

TN &SR B HES A B B COD i o> B
P (Fig. 8) 121%, WIZHE~<B X S 12, i 1EL
M (C-1, C-2, C-3 i) THZR 2 I 23R T
&7
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C-1 #3clx, )1 COD ¢ X v b #i#s COD
WD F B W EM AR S N7z, REN T IO
COD P13 29-50 mg L' Cah Y, i COD i
B (42-67mgL™Y) 25X 0 b 1-2 mg L FEEE
BV

C2 W IZm AT AT, L& Himo
COD EJEIZ# 4 mg LI THREL TV AL FHRT
BEBSAKE L, &K 101 mg L 0o
Hhrsohbd, £72, WU C2HRICHAT S
N TIE T D COD #1d 3.6-82 mg LT
HY, TN TR TOMIZEER COD O fi
36-82mg LT IRIEEE L v, —7, C-3pRICH
Wi, KAUIF#® COD #EE (58-9.6 mg L)
ASHEE COD #LfE (24-53mgL™) XV % 2-5mg
L EESWEIDS A SN 5,

3.2 COD, TN HKU' TP &S D%
suau74Va AW (orgN, org-P) & DA
BT (Figs. 9,10) &b, A BFEREEmEE C
BRSEWE Cldrzuoa 7o va LW E D
BRI BRSSPI R o720 T
bbb, A BEAEREEHTIE, COD A
BRI (A B ESTId 2 mg L' LE, B
BRI ERTIE 3 mg LM E) F—2 1B
T, orgNBLWorgP 7uua74)akdl
WA BERIEOMBEIIA S N72A, COD RED T
BRIV F— 7 1BV T A ELMHERAR SN
o7z (Figs. 9a-e, 10a-e)o KL T C $HIY
R TIE, C-1 B XU C-3#Hko COD
A8mg LI Fo#AIZHE T, orgN &7 on
T4 a tDOMHAMBRYPERETH -7 (Fig 9f,
h)o OrgP L7 uu>7 1 )Lakdiiziz, COD
B2 DOTETOHMICBVTHERIED
MDD S5z (Fig 10f-h) o ML EOERIZD
X, WS OBMOREEZHELT 57201235
L OBREIT L2 R T O L) TH o720
Org-N B & QorgP &L offR<Tl, &l
HEBEHRE L THINEAMOLEDIEEY AR5
A3 A Sz, BALES (A-1, B-1, C-1, C-2 i
W) Tk, BEALOT—IBHBEMREL Y RIS
MiELTWwA (Figs. 11d, 13e), d L <k, AEL

MR v (Figs. 11g, 12¢, e, 13d, g, h) = & 258
SN Tr o720 —T5, WHER (A-3, B-2, C-3 {fiH)
TRIFEA DT = PAHHEM LICEL, A
DA B B AR S LL B 1 5 A o 72 (Figs. 111, 124, £,
13f, 1)

DIN &35 & oBfRi, @i (A-1, B-1, C-1,
C-2ip) THELRADOHEIED LN, A,
B R il CHIB A E A - 72 (Figs. 114, 12¢,
13d, e)o DIP &% & BRI, BB ED
A-1 B X O B-1 #HRIC BV T O AEDOH A
FCc& 7 (Figs. 11g, 12e) 7%, ZFOMUo Tl
HERHBEIRWER Lo/ BHO C-1,
C-2 Wi Clx, 528 10-25 O BERIK K T org-
N, org-P, DIN B X O°DIP O § X TOIRENFE L
KB, BEAEDOTF—= 7 PHERERL Y EIThL
BY5HEnS, Mo E ERi A2ERNA LN
72 (Fig. 13a, b, d, e, g h)o

3.3 SAORMEBEICH TS TN/TP ®ILLH

C HMREHIIC BT 5 FK @D TN/TP £V It
i, C-1,C2 C-3DVTNOWHIZBNTDH 16
XD K& (Table 3), Redfield iz~ THIxt
BN 2% v, N O#IEIE, C-2iT 214 &
RHAREL, C3ip, C-1#HOMII/NS L %
0, C-1{B% T Redfield 2 LA o720 T
Wx LT, ERBICBITA TN/TP v Iid, CH
AR Bl L CRBOKESBRETH D,
LD C2WTI04 ENEDole T4
b, CEMIREHE, 2 C-2#HTIX, KET
P ASHI IS NS ERH S TH - 720

4. EXE
4.1 COD, TN KU TP OZEEHER

KBE DI B 5 KE OEBEITTIZO W
TiE, M8 20 4£C TN, TP & 1A
HHIZHhbH6T, CODIRMETFTLTWwWAWS
LG I N TS (B, 2014 5 3v5i4, 2019
KB E TS, 2021 5 IR IT A, 2021), &
D X9 RBGIIREBH DTN T E 7D
BIZbALNLBRTH L5, WIRLIENL
BRI & 222 7% 5 TW R,
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Fig. 9 Correlation between org-N and chlorophyll a in the surface layer of each of eight
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subdivisions of Osaka Bay (summers of 2004-2018). The triangles indicate the stations

where COD exceeded the regulation level, and the circles denote the stations where

COD was within the regulation level.

AWFZEIZ L D, COD, TN, TP 42 8 a1
X, BRI &ML S O ZT TR, B
DL R FH— IO RIEEHTH R > T b
ZEAUREN, SRS L EEENIC BT D
BHMTHDHZ Ebhols ZTNE TOREMMH
Wb AT L BRI, KEIREIZBIT 5
COD OBEEadLMeE N 1L, EIHO A FHMIGE
WS BV TIE, HRIHEE 2B 2 % Hhri3 4 4 3 -
TETIEVSLODOMKKE LTHHEM (2mgL™?)

B2 LEENSL L, 2018 FEHFICBWT Y, &
HAHLL T OH A 20 %572 Ao 720 LAML,
RS ) o BEHEEREIRIC B W T, 2018 4F
(213 80 % LA E oo i THRBEILHEME (3 mg LY DL
TThotzZ b, TLiRD CHIMIREHTICH
WY, HEIEFL oM A TRELEM (8 mg
LY BFTHDH, 2018 4£121F 90 % UL Lo b T
B LME A E R LT\ AR T X 2,
R D % & C MR EmICEH T
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N=45, r=0.39, y=5e-04x+0.024

N=58, r=0.54, y=8e-04x+0.024
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N=73, r=0.14, y=6e-04x+0.0216

© ] (a) A-1 © A-2 ©
(=3 o - o
e Iy o 7 o
.1 ° AR -7
53 -7% |3 s |3
= 0 o o o
o
&8 8 8
c © o o
o o |# o
© - O - =
o T T T T T T o T T T T T T o T T T T T
0 10 20 30 40 50 0 10 20 30 40 50 0 5 10 15 20
N=90, r=0.66, y=8e-04x+0.027 N=48, r=0.5, y=0.001x+0.029
d B=1 &
{(d) R <l B (O] B-2
— \ g o A A O
12 O P -
o o o A = -
a3 - ' N
©c =4 r. &
° e
o o |- =
= @400
o T T T T T T o I T T T T
0 20 40 60 80 100 0 10 20 30 40
A TN=9, r=0.71, y=8e-04x+0.063 A N=23, r=054, y=6e-04x+0.078
o O:N=158 r=0.62, y=6e-04x+0.041 O : N=131, r=0.42, y=5e-04x+0.06 o, N=109, r=0.41, y=0.001x+0.03
® ® , ®
s 7|(f) C-14 = 7(9) 262 (R C-3
- o o
28 8
2o o
&u o o
o 2
s © o
8 8
= T T T T © T T T T

I I
0 50 100 150 200 250 0
chlorophyll a (ug/L)

I
50 1
chlorophyll a (ug/L)

00 150 200 250

chlorophyll a (ug/L)

Fig. 10 Correlation between org-P and chlorophyll a in the surface layer of each of eight
subdivisions of Osaka Bay (summers of 2004-2018). The triangles indicate the stations
where COD exceeded the regulation level, and the circles denote the stations where

COD was within the regulation level.
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COD : N=87, r=-0.22, y=-0.066x+4.687
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Fig. 11 Correlations between COD, TN, TP, and salinity in the surface layer in each of

three subdivisions of Type A area (offshore area) of Osaka Bay in summers of
2004-2018. For Type A area and its subdivisions, see Fig. 1.
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Fig. 12 Correlations between COD, TN, TP. and salinity in the

surface layer in each of three subdivisions of Type B area of
Osaka Bay in summers of 2004-2018. For Type B area and its
subdivisions, see Fig. 1.
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COD : N=141, r=-0.49, y=-0.172x+8.673
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Fig. 13 Correlations between COD, TN, TP, and salinity in the surface layer in each of
three subdivisions of Type C area (inner area) of Osaka Bay in summers of 2004-2018.

For Type C area and its subdivisions, see Fig. 1.

BINITIE R, TNZNDUETIZ BT 5 )%
W LIAHEKIZH 2 TREMEZ RIR L T BH EE R
bNMb, THIZBELT, PWHHIZA (2006) R
EH (2012) 7%, KRECERHERIZ BT 5 42
N ASPNEESIIOY 29308 7 L Ay I & S
RISk RS %2 38 U CBhb e LA LA T 5 &t
HLTWB I EANEH S NS,

JERIZ BT, CHEEEmRTIX, C-1 i

T TN & TP & b IS EI A A S 7228,
C-2 MBI TIZ & b ITHIZ V17, C-3 il Tl
TN DADBBI L TWize 2O EIE, C2BX
O C-3 I8 T~ D B AR AE I 1R A L
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(2006) 12X % &, CEIR @RI YT 2
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Table 3. Average TN/TP ratio (mol) in C-1, C-2, and C-3 sea areas and the
downstream areas of Muko, Yodo, Kanzaki, and Yamato River in summ-

ers of 2004-2018

Area

TN/TP molar ratio (15-year mean value)

Surface Bottom

C-1 18.1 1.7

C-2 21.4 104

C-3 20.5 11.8
Muko River downstream 38.8 -
Yodo River downstream 16.4 —
Kanzaki River downstream 25.2 -
Yamato River downstream 18.2 —

1, KR TN, TP igEEAYERE % Bl 5 s H &
Nz ehs, EKiR» S OB (ELDERFIELD ef al.,
1981; TAKAYANAGI and YAMADA, 1999) A%t Z - T
W3 EEZ LN,

FHIREZ LE, 2 (2003) B & 0L -
FIE (1996) 12X 0, A, BERIREMmIICHH YT
5 A [FLO RO K & 72 &R O HER 25 72
SN, 2 TITABRDRESILERE S, 0k
ENINIAFEICHRT A2 L IEINTVS
L THBH, TOFEE, WIAMAESL L b
WIE R TNIT v A, B B8 % 38 CLE R AR
RN 2 H M OHER & Z D3RRI 5 Tw
5T ERRLTVA,

DEzFrosk, WIAMIIONTIE, §5
KRB X B Fbeny 72 TN, TP KO R HRAH
KIRBIZBWTHENDDOH 5%, BADOKKE
BELEHEOELIIHLENVZ L, C2BIY
C-3 Mg TIXM N BT D S 5 7 B B AL E T H
D, A, BHEEFEEMEIC B W TIZHER RN
WiEE B b B,

42 KEREICH T BNEEEDFE

KEBE BT B COD 1Zxtd 2 WA #E D g2
2oV TId, BRBEERELZT TR, RE
R GE N O] 115 38 338 T d % WAL (C-1, C-2,
B-1,B-2, A-1) & KA 1 288 2 & T )
#8 (C-3,B-2,A-3) L THMM R o Twna Ik

MEbNi, T74bH, COD DMK T 5N
WAEEOES ORI, BRI LD HEBIRIT,
BRIBL D B TREVEEZ SN,
BRI A, B ERREMHIZHS VT, COD ik
JERHWHLE Tld orgN, orgP & 7007 1)L a
L oMBAE L (Figs. 9, 10), COD &#is& iz
MEA 2 H - 72 (Figs. 11a b, ¢, 123, b)e 2D
Lid, BREHTRNTEREOFSEIREN L
ERLTWS, — T CODBENLVE &I
1%, org-N,orgP &7 0ua7 ¢)a&dHBEIME
MPoize TOT LIL, BIEBT COD AL
& & DAY TIZEE VR 55 O AR AR 912
W EZRLTOVLUREND D, RITRTEE
WSRO A L HFET D, T4bb, Ml
(2009) 1%, KIKBOMEI T4 HE 212
WHEBY OGO 5E GRS 5 EERLTH
D, XHICHIRIEA (2012) 1%, BEEASSHAL
72 DIN % Flvw CEWRERCARE S A R i
NEYEFT B RN SRR T, BOENET
B BTSRRI DL { B T L RRIEL
TWwb, I mEHAT S Nz IEA (2021) 12
I, HEBLHEBIIBWTYH, RIEHEAR
PHEWOREZW ST (COD 2 FIF5) Lhb,
B O/ EZ WA RO FIM~EZ Lt s
TWb,

BRO CEHAEHRICB WX, COD #E
BHBHK VWA T a7 4V a & orgN,
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org-P L DIEOMED A HNFz. T2, COD Dif
K X B A BUETT AN A B 7z C-3 i & i3 7

D, B C-1, C-2 Mk Tlx, AHYB L UK
B & DI ORI TIE 2 SRR (0
10-25) TERENBWMETZRL TWiz, S 5612,
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