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H#) THARDWE~1TZ 951 (http://imagic.qee.jp/)

X 3.1-3 HARME DM & xF & R Ht O Fi ¥

* : Chang, K.I., W.J. Teague, S.J. Lyu, H.T. Perkins, D.K. Lee, D.R. Watts, Y.B. Kim, D.A. Mitchell,
C.M. Lee and K. Kim, 2004 : Circulation and currents in the southwestern East/Japan Sea :
Overview and review. Prog. Oceanogr., 61, 105-156
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*
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W LEbOEREENR (FEES. AEEEAH) vy (I3

EEBOBWVIE LSIEICEE D 1/3 oo (f] 2
LI L O E B KO
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3.2.1  HERAYEEARTE &
FHBIINEL#FGOKE., BREF. #
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1 FEA 223km2 O AL A & B I OV 2
BREL WD, £, MBEAN T
ARE ERBIZRNTIFEAICIEVETY
H D,
NEIFEBIXAARDKERICIEST 5
Bx TOANEE LTI E BT i RS2
B A d5 e o . G- 0 [ T B8 S A% B B 3.2-1 AHEEODNE
M ET D, BB EOEEICEL ., AE
MNASHE T £ TOMRBE 411km (X L, AEGTNALHEE ETIE 277km TH 5 (K
3.2-1),

3.22 AHEBDOHREMIZEAT 1R
(1) g, )1 55

FHEBOME L, BGOFRENOIEIMERSE ., MIZEFEALZER AL, MEO

W B OV AR S I3 22 (L s T oMmE R, JIE & OCEA SR B R % o L
ZHBCE SR T 5,

BT, RTREEORSEEE (& 526m) 21X UL LT, BilEREEE
(& 477Tm) . L RIE (366m). &7V 7 & (342m). S £ (321m) %, 300 A —
MEB2D A P#ELDLEMT LR TEBY, TN E2HICT K4 T, MEIZIX
WEF NIRRTV D,

P =) E LT BN (12,000m) | 48 )1 (4,550m) | EJFE)I (4,500m)
L) (3,700m) . 7 & 7)1l (3,400m) »H 5,

(2) =

FHEEEZE/NEILIM OB ITEBEREESEICDES L, BFEOEMMN S
FVEF-ZEVLTVRVORFEE THDL, LL, HELADFHBEOZEIZIZ - &V
LTHBY HEIRPEFESRJREICEDLDLTHEFY ORBZKRE HEATEHALEVWANEZ L,
ZE, KERKREOEYH LICK > ThEOFHENAKREH L, AFEL Y OALEN

REAMNEL Ied, BEEHIT, RKEGRKIELE K EFERRIEOEEBLZHIIZ T HENS
<Y, BEWICHEORR LI REOEREWMIEDELRD S DD E T AT, M AT
RHMMWATRA TN D L 912D,
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JVEE (LGS o B 2 BEIR G N AL BT M 2 o THE AL TV 2 25, i 0 8 & 13 i /Y
BRERFIZL > TLETHHEMET, FHEEBIE T, FFIZ, B#I~LH0BK LR (5
Bet) OB a2 T IREEEY OB BHISND Z LB H D,
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EHR

%III

41 BEEZTHORN
411 REOFEE ZHOIRW
(1) BE A 1%
2003~2005 422 NPEC 28 % L7z 1L DFEEDHE ] O KL O TESE T I 1
FEMOAS BTl (IAKfE 20024 (B)X=4) ckdE&, =7 (R
W LRSS0 E~BARBHOREOWHEE (HEEZET) ~@HOWERE) KO
MHEORBIZLTOLEY Lo TWD (FEMARFERKICHO VT, (TREER 2
EBROZ L),

(SN = U 7 D K5 %)

> EREME 100m2 H7-0 OEEWEIT, Hk, EELL, U T LV LE D
(NPEC 7 & it £ )

> WBARROEEFEDO D LEEGNE Y (NPEC 0 AE M E)

(R IRy B st J§ o 4R 10)

> MEFEA 100m2H 72V OEEY (EE) 13 2004 £ 5 2005 F 220 TH 3
FICHMLTHEY, LVDbIFRWATF o — LEOHEMMNHELZD, 2005 F 0%
E (E%) 12, 2EFHO 1.5 (NPEC #i&#HE)

> WEFEER 100m2 &7 OFEEY (HE) X 2004 25 2005 F 122 1F TK 1.4
FICHML TRV, 2006 F0ERY (HEE) TEEFELHDOK 6 % (NPEC
s R

> ROBAG LR WIEIEICESEIANE -mEBoWENZL, &b,
HELTHEHENTERBWAT e =L -] T A DODREFEEIZL>T, 2 TEHEIR
Db EIICEBIZR 2T ENZ VY (10 A EE 2002 4F)

> FIEEEEICHE LH B~ FWEOW R~/ NSRBI I T D ROEED
HI-> (111§ 2002 48)

> HAB A ELAEMR AL LEEZERDZENER O GTBERPIZEL, b
FJEEER A OFEER S (1L AEE 2002 4)

> ZTOEN, BEEZHAOEREIT T IAT v JRRBTH LN, HEBMK D 5,
FTHLTLERCHBRER EORMEBEBRE, M7 AES— R &0 R IEHE
DEFENH D (I OKEE 2002 4)
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(2) B3 A R
B AMRICESS, BEIAHAOEERRZ U FIZRT,

AT EK 194 11 A 178 (£) K018 A (A) ® 2 B, WBEIAEEDOE
LR 10 2087 (508 - 3HGRAE (NPEC VB L 0 ESWHFE ] FiE) 6 . &
BYERE 4 »FT) CTEBLE (K 4.1-1), B, HEOEBICH > TIE, HE
TREMEREY S EROWBAICELY | HETABREOE L WilERE GREXNRMERE) &b
EUORE L, 8- S EFAEMSICBIT2BHEIAOEERNESERE 3

R,

| PE-HEETRA |

X2BEAEEE  (AEBHREE 25m°(5mx5m)]
BXRIONE (REBEEE 4m’(2mx2m))
LEMFELBIVEE (AEGFEE 4m’(2mx2m)]
EHERI=FHE (REBEEHE 4m’(2mx2m))
£ RETiRIE - R R (AEBEEE 4m (2mx2m))
WEHET AR SRR (RAEBEEHE 4m’(2mx2m))

EXETHE
LFRETHDOE
LFRETHELE
LRETHR

| BREETLFERSIbE |

L RETHE
LRETESE

X 4.1-1 BHMAEME (HF)
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O &g FE AR (R - wER)

B ZHOENEBE G A2 4.1-2, FEM RN SEIER AR 4.1-1, 58
MEEHGAEZM 4.1-3, AEBENDEIEELER 4.1-2 1277,

6 Wi CTERE LIES Z 2O RMEKIT 25,088 8, EMBICIE T 7T 2F v 7 H|
N 13,8698 Lkt < (BRELLES ZHBMEKD 55.3%). kT, [FEixF
o — /L] @ 10,290 fH (A 41.0%) o THEH, 2O 2FHETERED 96% %
58 Tz,

— ., BELEESFEZAHAOKREARIT 182,671g, EMBICIT (77 2F v 7 )
2 104,881g Ll b %< (BRELLES ZHABRMEKD 57.4%) ., RWT [Z oo
NI © 36,180g (Al 19.8%) &7x>THEVH, ZO2FBETERED TT% % 5D
TwWic,

_19_



EiTl | 0.1% AT
0.1%
0.7%
Fia n
‘ A%
AT 25,088( ISAF YIS
: 55.3%
0.6%
M 4.1-2 BEZHOHSEBEEE S
£ 411 EETHOENER (BEA: @)
e e 3 5 BT T BEEITE S
S R i S y U h i I YR
76 A 9 e H H19.11.17 H19.11.17 H19.11.17
A mAE (m?) 25 (5bm X 5m) 4 (2m X 2m) 4 (2m X 2m)
7T AF v I 12,840 75 78
= A 35 15 35
WA T v — LI 8,475 587 643
WwOH 0 0 0
fi M 7 0 3
AT A - Bk A 529 4 0
& )8 A 11 0 1
ZOMDNTY 96 30 22
& Eh 21,993 711 782
bkt AT - kF S WY R IRy g BT A 3¢
=FHK TR GRS &
H19.11.18 H19.11.18 H19.11.18
4 (2m X 2m) 4 (2m X 2m) 4 (2m X 2m) 45
696 29 151 13,869
61 0 13 159
379 43 163 10,290
0 0 1 1
1 0 2 13
15 4 15 567
1 1 4 18
14 2 7 171
1,167 79 356 25,088
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ZDMoD

AIY
19.8%

TR |

1.3%
AR+ \\\\\
Far25 %8
%J WhEas

182,671g

7% TSRFYI$E
1.1% 57.4%
wE_—
0,
0.0% 658
RAFO—)LEE / JL5E
7.3% 4.6%
X 4.1-3 EEXEZAHOSEMNEEES
£ 4.1-2 EEZHOSEMNEERE (B :g)
e e B4 1) =) BEEITE S
S 3 o 2 y Y LY EE
76 A 9 e H H19.11.17 H19.11.17 H19.11.17
A mAE (m?) 25 (5bm X 5m) 4 (2m X 2m) 4 (2m X 2m)
7T AF v I 84,881 8,550 4,000
SN | 3,560 240 3,900
YA F 1o — LK 2,980 3,100 1,650
o 0 0 0
fi M 1,350 0 460
7T A - Wt g 14,430 20 0
& B 600 0 100
T oD NTY 1,660 24,000 1,520
& Eh 109,461 35,910 11,630
%k 5 T kb R T R g BT A 3¢
=FHK P+ R GRS &
H19.11.18 H19.11.18 H19.11.18
4 (2m X 2m) 4 (2m X 2m) 4 (2m X 2m) 45
4,550 660 2,240 104,881
590 0 100 8,390
830 4,440 300 13,300
0 0 20 20
140 0 20 1,970
660 150 380 15,640
50 1,500 40 2,290
2,040 2,560 4,400 36,180
8,860 9,310 7,500 182,671
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QA EMNEARERN (B EEOZY OFEE ZHEE - HE)

EEZHOMEECEREZEMNEHE (100m2) H7-0 ICHE LK E2K 4.1-4
~X 4.1-7T L O#E 4.1-3~% 4.1-4 1257,
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(F¥) 27,658 i) . #HE & IL 2,268kg (FH 378kg) Th oo, ZDOfE (CEXHE)
%, 2006 FFEIZ NPEC A HAREWNOD 43 =42 xt QI E i L 72 E A& oK%
LR L HETEEFHOR 42 5, EETHN 4 FICHET2HEE 2> TE
D, JMBICBTDEERETHAREDORINS ZWiE-> TV D,

W R RS RSB 9 2 [ R ST AR Bl 28 87,972 & & b £ <,
RWNT, BT ES D T LS =FHE] © 29,175 &, x5 & 7\ &8I Az
BE9o [EBEMESLHEI VHELE] © 19,550, & EK0T7 Phi] © 17,775 fH O
JEE oo TN, "B  RELLESEZHOZMBIEKEEZEEIICAD &£
SRR X [ Ext S ZFH k], [ LRI AR 26 T AT R S
R TR T792F v 278 & IR EATe— VHE] AR}~ EEOE
ATRELTWEDIX L, TBEINEZEI VHE] L T8E 7 Phik] T
(7 2F vy 78] X 10%FET, [BEAFo—EH] BEED 80%LL i b
H TV,

— . BEIZHAEENPDLOARAD L, FEPEBICIMEST D B EHT 7 OH k] 2
897.8kg L b H K\ KW T, B ARSI E 525 [ H# & 0T R &%) @ 437.8kg
EoTWie, B, MELLEECHORMMNERLEZMWEIICHD L, [£
EEITREWESR] X T ESET=FHEk] CIX (772 F vy 78] B 51~78% &
iy < TRER 7 U hk] X [T ERETARREFTR] TiX TZ2ofto N L)
M BI~6T% % 5D T\,
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L
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# 4.1-4 HEAEMAE (100m2)

bBIrYVOBREZHEERE (BA : kg//100m?2)

- E e B LN LS Ry
" i R B Y B YA AR =5 &
A S e B H19.11.17 H19.11.17 H19.11.17 H19.11.18
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° = Z - H
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#z 4.1-5 EETHOKMEKR (BN - EAAR&R) (BAL : #)
I % T Ry BTHEZ Y
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R R 7 7D S U HIE
A S B H19.11.17 H19.11.17 H19.11.17
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7°" 2 N sk/ 4
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0 0 0
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¥
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0 0 0 1
1,008 72 293 23,956
159 7 63 1,132

) £o. BB H AR,
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A A % e B H19.11.17 H19.11.17 H19.11.17
A E A (m2) 25 (5m X 5m) 4 (2m X 2m) 4 (2m X 2m)
A 7 87,241 31,660 8,330
AR 22,220 4,250 3,300
& &t 109,461 35,910 11,630
bt B T | ef B T A iR W T A 5K
=FHIE * R RS &
H19.11.18 H19.11.18 H19.11.18
4 (2m X 2m) 4 (2m X 2m) 4 (2m X 2m) 45
7,330 4,530 6,240 145,331
1,530 4,780 1,260 37,340
8,860 9,310 7,500 182,671

WA EAE (100m2) 70 ICHE L 6 WFEOER 24 o[k Ok E &
XZENEh 11,164 i, 466.9kg, 2FEE A HD HE G X, HHEHEL T 6.8%, &
T 20.6% Th o 72,

W 5 AT A E b T T e TS VE IS AL & S D T T R S A ) (B Bk 17.7%)

RALHICALE T D

FEXBET = F W) (A 13.6%) THERIZO LR,

HERTE, CEMICIET D [ ERETIR Y 2] (B& 51.5%) W ICAL
B2 TEEINEZE I vEHE] ([ 28.5%) THEE ZH O RN G NI,
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B EARIH(FHEEEL) wSERTH

{HRITE

R R R

[
1t
B

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

M 4.1-9 HMEME (100m2) H7-) ONERLEK (BN - BEAARRO0EHE)

B HARIH(FHZEY) WHERIH

fEnm R

FRIR R R

7
Ny
H

1l
it
H
H

DNk

REBF

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

X 4.1-10 HEArEHE (100m2) b2V oAERCHEE (BN - EARLOEHA)
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# 4.1-7 B EHAE (100m2)

bl 0EEFEZHEK (BN - EARGH])

(BAZ : {#/100m2)
) [EE A
925 P el o ot SRS ES
R B 1 VAR T U H ik
EESEY s H19.11.17 H19.11.17 H19.11.17
48,552 675 975
-5 2 /4 ;k:g ’
7AT IS 2,808 1,200 975
136 375 875
= 4k
= 4 0 0
% % F 1 — LR 33,892 14,675 16,075
8 0 0
0 0 0
M H
A | 0 0 0
28 0 75
K
fi M 0 0 0
1,692 100 0
H T A - [ as ’
7 ﬁ/j #E 494 0 0
28 0 25
1> #
j‘:@xﬁ 16 0 0
380 750 550
(D) D T
ZFOMmoNTY 4 0 0
aat A A B 84,708(96.3%) 16,575(93.2%) 18,575(95.0%)
ol 4 E 3,264( 3.7%) 1,200( 6.8%) 975( 5.0%)
| xt B T b st B T A W W] A
=5 H ik Rk ) |7 P & &t
H19.11.18 H19.11.18 H19.11.18
13,425 600 2,450 66,677
3,975 125 1,325 10,408
1,525 0 325 3,236
0 0 0 4
9,475 1,025 4,075 79,217
0 50 0 58
0 0 0 0
0 0 25 25
25 0 50 178
0 0 0 0
375 100 150 2,417
0 0 225 649
25 25 100 203
0 0 0 16
350 50 175 2,255
0 0 0 4

25,200(86.4%)

3,975(13.6%)

1,800(91.1%)
175( 8.9%)

7,325(82.3%)
1,575(17.7%)

154,183(93.2%)
11,164( 6.8%)

1) R, BB HE AR,

m2) (
&R,
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# 4.1-8 H{EmHE (100m2) -0V 0EEHEE (BN - BAARLF)D)

E) () NoHEE, 2EEZAICLHD D BPAR - HAERZZOEE (%)

(Bf7 : kg/100m2)

e 3 5 T =) BEITE S Y

SJatise 5 o 0 2 7 HE LY HE

7R A K M A H19.11.17 H19.11.17 H19.11.17

A oA 349(79.7%) 792(88.2%) 208(71.5%)

o) = 89(20.3%) 106(11.8%) 83(28.5%)

& 437.8 897.8 290.8
%t kS ET bkt K BT A iRy W BT R
= F H ik Rk 10 Hiy & &t
H19.11.18 H19.11.18 H19.11.18

183(82.8%)

113(48.5%)

156(83.0%)

1,801(79.4%)

38(17.2%)

120(51.5%)

32(17.0%)

467(20.6%)

221.5

232.8

187.5

2,268
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b. [E £ 55 A R

NAEBE S HROEEN - MEHEGEH 4.1-11~K 4.1-12 K OEK 4.1-9~ %
4.1-10 2”7,

EAERE L TRHRELLESEZAOEELAD &, T@E - L@l ERObL O
75 61.3% b %<, WNWT TH[E- 5] ERD 36.5%. [ZomoHill] (7 1
T, b=y 7 AV R TRE) BRD23%& o T, k., FM
i T7 7 2F vy 78] kb E<. B2EKED 89% % HD T,

W RN IR, BRI AL B S 5 T RE B IR EWE xS b I E S
5 TEEHELEIVHE] TE IPEH-- BB EROZAR”EZL . 20O
ek TEEE - Jbdiff) EROZHNEL o T, B, 740 VB, L —
VT AVERYT E oz (2o ERO S AL, & E IS AL E
T TEE 7 Uhik) (% 8.3%) X IEENELHE I vHIE] (F 5.1%)
THEHNZREINTZ, AL ITHIF, EL 74 VR ETHEHENTZ D
DONRBHICTE> TEITN, ZOBRDIELIZENICE > THEREETEIINTL D
DEHEREIND,

Z Dt

- 4

S 365%

e E%
11,164{&

WE- s
61.3%

B 4.1-11 AERIZOELER - BAHE S (BALEHEQA00mM2)H 72 v O E%)
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hER = BE-GESAHER sl T7HRH = Zof

R —

100m? gh7=4) DI E B A 8%k [1,57518

wevax [

100m?2 Ff=Y) DIV E BT AEER 17518

=ran |

100m? gh7=4) DI E B 7 8%k 3,975(E

oEE T ———

100m? &y7=Y) DI} E BT A E%% 975(8

sops N ———

100m? gy7=4) DI E B 7 8K [1,2001E

100m? ght=Y DI} E B 7 B2k 3 2644E

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

X 4.1-12 B EEOAOM2)I7ZY ONAERSLOMEENEER - FHkE 4
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# 419 SAERIZOEER - 7EHEHEERCER

AL
e s 3 5 T R T BEITE S Y
SJatise R S y P H g S YR
77 K M A H19.11.17 H19.11.17 H19.11.17
A EAH (m?2) 25 (5m X 5m) 4 (2m X 2m) 4 (2m X 2m)
3G E H [ o fit H it o fit H it 5! il
75 AF v 383 307 0 12 16 28 0 4 23 14 0 2
= L 0 0 0 1 0 0 0 0 0 0 0 0
AT 1 — LI 0 2 0 0 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0 0 0 0 0 0
! 0 0 0 0 0 0 0 0 0 0 0 0
AT A - WikhesJE 103 3 0 0 0 0 0 0 0 0 0 0
& B H 1 3 0 0 0 0 0 0 0 0 0 0
ZOf o NLHY 0 1 0 0 0 0 0 0 0 0 0 0
ast = 51 487 @ 316 0 13 16 28 0 4 23 14 0 2
& &t 816 (22,220g) 48 (4,250g) 39 (3,300g)
bt B T b Skt S HT R e M A I
—FHk W 2k LIRS
H19.11.18 H19.11.18 H19.11.18
4 (2m X 2m) 4 (2m X 2m) 4 (2m X 2m)
# i o fily H i = it H i = it
27 132 0 0 0 5 0 0 19 32 0 2
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 2 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 9 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
27 132 0 0 0 7 0 0 19 42 0 2
159 (1,530g) 7 (4,780g) 63 (1,260g)
&
45
T i I ity
468 518 0 20
0 0 0 1
0 4 0 0
0 1 0 0
0 0 0 0
103 12 0 0
1 3 0 0
0 1 0 0
572 539 0 21
1,132 (37,340g)

E) £, WEEoPIHERM, didEE - b,

HOEKERT, o, (

) WidaitEEZ T,
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# 4.1-10 HEMEHEOQAOmM)H7Z0 0ONERTAOEEN - 2ENEHXEEVCER

HAL : {E/100m?2

p— L o ST
7R B 7 Tk NV
EiESESY s H19.11.17 H19.11.17 H19.11.17
& ik [ = i ik [ 5 fitt ik [ = i
7T ATF v I 1,532 | 1,228 0 48 | 400 700 0 100 | 575 350 0 50
by 0 0 0 4 0 0 0 0 0 0 0 0
WA F o — L 0 8 0 0 0 0 0 0 0 0 0 0
MM 0 0 0 0 0 0 0 0 0 0 0 0
i M 0 0 0 0 0 0 0 0 0 0 0 0
T A - B WA 412 12 0 0 0 0 0 0 0 0 0 0
& B 4 12 0 0 0 0 0 0 0 0 0 0
ZOMDONT Y 0 4 0 0 0 0 0 0 0 0 0 0
e = Bl 1,948 | 1,264 0 52 | 400 . 1700 0 100 | 575 350 0 50
& & 3,264 (88,880g) 1,200 (106,250g) 975 (82,500g)
bk S HT et B BT A IR I BT AR 3¢
= F Hik A GRS
H19.11.18 H19.11.18 H19.11.18
ik i =, it ik i = th ik [ = it
675 | 3,300 0 0 0| 125 0 0| 475 800 0 50
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 50 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 25 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 225 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
675 | 3,300 0 0 0| 175 0 0| 475 1,050 0 50
3,975 (38,250g) 175 (11,9500g) 1,675 (31,500g)
&
ik [ o i
3,657 | 6,503 0 248
0 0 0 4
0 58 0 0
0 25 0 0
0 0 0 0
412 237 0 0
4 12 0 0
0 4 0 0
4,073 | 6,839 0| 252
11,164 (466,880g)

E) &, WEEO PR ER, @idEE - bR,

HORERT, £,

(

) NIZAFFEREZRT,
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c. F MBI EE 1K

BAECHORBE LIRS & BMINERLEEN R &GN TAF
JHETIE, AL THAE (V- b8l 77A2AF v 7 Ol) ) OF
& (EEE) PR bE<, TT7AF v 7EHAED 55.1%% HH Tz, RWT%
MoToON TRGE (I y 7 - B4, B LA PR ASR., 57 F vy
7. EDOMOEIR)] D 246% T, TOBEH (Ob, v—7 7—=7)] ® 8.0%N»
Zhizke < (K 4.1-13),

FEMBEEL RN T T AF v ZHICKR O TR RBAF o — LTI, [%
WAFr— Lo NeksE (BREK) © 99.9% 245 TEY, Zhbix, &
WEWNATHREE LTHEHEINERBEAT e =L ®-ORBO T A RENBROWK D
WETHL, hshbo bR EnD (K 4.1-14),

ZOM, S AHEEROFEMCOVTIZIBZEGE 41TF LT,

@z nft D%

LT~ 1.5%. 0.1%
Lok

(7'7RFH4i)

0.0%

@73k
2.1%

wE%
13,8691&

%%ﬁ X 4.1-13 EFE Z 4 O LEE R

41% (F52AF v 7 1)

DOER-

Y - NG -~ =]
A— L DR 4.1-14 FEE T H O 5 TR AL
o09% (RBAFr— L)
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d. fillH sk & o bz
ASBEOFHETHLNH R L. 2006 F£% (2 NPEC 728 H A D 43 i fF T L /-
(D OEEMTE ] OFREEZRILND L £ 4.1-11 IR LEZEBY, BLHE

i (100m2) H7-0V OEFEZHOK - HEE S, 5B ORERESR2EFES KO

Mo FHE ) 7 O E RIEIC BBl > Tz (2EFEHECIM - =) 7o

TR L, Rk CER T 42.5 5. 15.9 %, R T 44.0 15, 1455 & 72 o
TW3),
¥, AEMAEZERLAEIEO 6 WRICE T IERIAOFE ST, Bt
T 3.7~17.7% (¥ 6.8%), HEL T 11.8~51.5% (F¥ 20.6%) &72->TH
v, ZTHE6H2EYY (Et 2.9%, EE 5.8%) KL - =Y 7 DF

%) (E%H 3.9% ., HEK 5.4%) ICH_XEWEE RS TV (£ 4.1-12),
IOEHIIC, BEITHENEFLOVWHEICEWTIE, AR VWEEOMFENEE

N5—HT, BEZHOFERITIEN - EANAZMOTEET D, 20D, 45

FAELEEMBEOL I ICHKIC, BEENE LS, AERRIAR (BEZR) ORENR

RKEVWHIEE T, BENOIELZ T TIZZOMEEZMIEL TS 2 ETEHL Y,
Z o LeHikicxt ULCix, BN, ORI MNETHA) EBEbD,

*

22006 FE VEHOEFYRE] BROFEMTOVWTIEEEEE 5I1CR”L T,
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£ 4.1-11 BEEZTHORE (LR e O HE)
e e HALHE D20 0 HALHE D20 o
W 5 7 W R
A A R 3L T R S v R 87,972 {H/100m?2 437.8 kg/100m?
BREET 7 U 17,775 {&/100m?2 897.8 kg/100m?
BEMNELHEI U HIE 19,550 {f/100m?2 290.8 kg/100m?2
ok RS T =5 M ik 29,175 f#/100m? 221.5 kg/100m?
N N 1,975 fif/100m? 232.8 kg/100m?
s BT A 3 1) 7 95 8,900 fH/100m?2 187.5 kg/100m?
) (a) 27,558 fi#l/100m?2 378.0 kg/100m?
NPEC # 4 * 2 EHFY (b) 649 fH/100m2 8.63 kg/100m?
BT EYEEO) 1,731 ff/100m? 25.98 kg/100m?
(a)/(b) 42.5 44.0
(a)/(c) 15.9 14.5

*: 2006 £ NPEC [0 0 5% ¥ il 4 |

£V

K 4.1-12 BEZTHORHR HERIHZOEBEARD)
e e PAYEE RN i N A ShEBLEE D R
I (18/100m2) (kg/100m2)
PN S 3 A BT R 5 v R 3,264 ( 3.7%) 89 (20.3%)
B RN Uik 1,200 ( 6.8%) 106 (11.8%)
BEHEZEIUVHIE 975 ( 5.0%) 83 (28.5%)
bt BET = |k 3,975 (13.6%) 38  (17.2%)
b B BT b X i 175 ( 8.9%) 120 (51.5%)
g T A S48 AT i 1,575 (17.7%) 32 (17.0%)
¥ (a) 1,861 ( 6.8%) 78  (20.6%)
NPEC & ** | 2FEFH (b) 19 ( 2.9%) 0.50 ( 5.8%)
EXEET ESRO) 67 ( 3.9%) 1.40  ( 5.4%)

()

*% . 2006 4FE B NPEC [0 o & 5% ¥ 38 4

NOBMEIZRESZAHICHD DS ERER ZHOHE

£V
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@ BB E R A A R
BEHEHEM S ORMIZE 4.1-15~ 4.1-20C-T &¢BV ThH 5,

[ & £ W] JEE o B ]

f By R AR O RS R B IS ALE L, EEC 10m OV ELPH IS IS 2 AN
FEAT D, ST, BB, A7 074 T7ICEERMTONAT
Wb EDZ ETHo T,

7 i Je
-
)
z “a
A a |
— . =
Baa L ol s
| . Taw " I"__ r O
' | et
+ ',i‘j.i/
)
- W
—~—
' x|
2 a8
- u ™
= L) v
. e o
H L] #
E I,l“ CR R
=Ty et a
-0 A s i L
fir ¥ L% L =0 o
% . fs - 1% b i
[ . .‘.- ] o
13 - bl ek
g8 _ i :
g oy =l el . WoOW =
1 = et | i »
1 : £ Fl
ripe e
- E ¥ FERERG
: § " v B yet g
H 'F:;"!'”'. - " o . Mo e érai.—

E 4.1-15 BEEEOHNR (FAER : ¥R 194 11 A 17 H)
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[ BT H 0o ]
EOE, TEHBLOBICNE T 2EF»RBKRKBSG CHD, L@EIC D
e AP EEFEL, AkOELWKIDEBEZER TS,

X 4.1-16 EREHFOoOEOBHR (AEH : FrK 194 11 A 18 A)
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[ EEET Y v ko #F 0]

STEOIE ., HFoiEE I TEFLA2HAZLKSMICHNE L., EEBICHE L TWD,
A E-, HFOEERE, REHIC SR - AN ES L, o RB A2 HE AT
AP

X 4.1-17 EREYVEYEoOMHE (GAEH : ER 194 11 A 18 H)
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[ ERET R o]

O AZHBICHE LR T, Atk 72, KEEICIH - AN S
T 5, HEZ7ry 71— ENEICKEY ., TORMBICEID AT 72— L
EOWRPHEFEL TV D,

TAmE PN

B 4.1-18 FRESEOBNR (FAER : ¥k 194 11 A 18 H)
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[ b VW] B & oo A e ]
/oL, CHEEICHE LR T, WHERER, EH 10m o8 i IS %I
THPNEARET D, AT, REE HER - EA T IENEIGTRT T VA )
DETNVEEFGHIBICHEESATEY, BEIT, RFEXECLL BHAEDOZ Y —
Y7y TE (ERER) PITORLEEORIETH S,

4.1-19 EREESEOHEM (AER : FERk 194 11 H 18 AH)
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[ LTS 2 % o ]

B OAETE . A HEEICHE L2ifEs T, WERER, #EE 10m o5 I8 %I
THBEET D, BEFEAR, BREAOET VEESGMBICHEESALTVWD, &
Hix, MFEEICLDZ-EBAOZ V-7 v 7#lE (ERER BITbhiz®k ok
WThs,

B 4.1-20 FREEZEOBHMM (AEZEH : ¥k 194 11 A 18 H)
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412 FAHEFBOEE T HOIRN
(1) BE A 1%
2002 Iz (BR) XEErOHR S TEEII WBEKBOSEZE- T (LA
) ORI AE SR IT A EESRORRICET 20 E LD RN b D, hEL
TUTIZRE T,

(8 R o 3 Sy D AR5 1)

>

PrAfEOAMESC~Y Ly Zu— T TEOBRBRIENLD Z L OWRN, KEICH
LBHHEEEZIATHLENLTLES TS

AR A ENER A L 2R EHNER SO G REREMIZEZL, FTH
HhE B T A B RN D

FORMERE 72 & CIX L W O 72 O F 28 N S 47 B B 25V i & ] B BT
L2 THrAoBENESBABED LN, DELIMY OHEBENTE, Eio,
AT LI2EERBEMY P EN THIBT D270 E0ED RS I, VR
IR HEAT L DD B D
BEEZHOREDN T IAF Yy Z7HTHY, DO FEKITy A M ARALHE
i A AR EDEEREEN TH D

ZDIEN, BHGBGOEELC R EOAERBRERBEEYOEES B

(2) i Hh 7 A A
B AR RICK S, WHEZAHAOEFRIEZ L FICRT,
AL 204 2 A 80 (&) ~11H (A) 4 HM., AEHE (O - 3HEGH
% (NPEC M0 0 EEMRHE] Fik) 6 »ir, EGEHERE 10 i) KOMTES
(BEHEFAE 1207, WERHE (GEHEMA 2 220 THEMLZ (K 4.1-21),

ASFSIN

A P 0 % M OV A O FEREIT B 72 o TR, A T R G Ak AR T BR B AR o

B EfsTz, o - SHEGHERRICRB T 2BIFE ZHOEERNLESZEEE-3 2R L

7=,
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FHO A (FEH)

-

V

| AR HERESA |

(BES)

FEHOME (ER)  (AZTBRBEH 100m’ (10m X 10m))
RESYUMN-F  (FALERER 100m’(10m X 10m)]
BARE (SAZB/EER 100m*(10m X 10m) ]
BMEF0ER (SAZBEEH 100m’(10m X 10m) ]
[S15::3 € 2] (BAZEFHREH 100m’ (10mx 10m) ]
HRDMGE* (AZBAER 150m’ (10m X 15m))

« BREETLEEN R

TR

=viRE (BES) )
EHOEE DA
A RE ()
SRMOEE (HIBRS)
KEDHEE Ui
KRRE—F PLCEDP
NFEE
: Ehe—F
NnANTE—F iy
HREC—F
KEDHER

M 4.1-21 HHMPEME (FES  -VEESE - ERARB)
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O &g AR GREEK - #EE)

EAEZHOEMMEEE G 2K 4.1-22, F AW R0 E R E K A # 4.1-13,
HHEEH A 2K 4.1-23, AAwEEN>BENEEZ R 4.1-14 277,

6 Wi CEHRELILES ZHAORMEKIT 1,508 i, EMBNCITERE, 77 2
Fo M) BN 1,063 HERLE (RELEESE ZAHBREZD 70.5%) . KW\T,
(i A Fa— V] © 325 ffl ([F 21.6%) &> TEBY, Z0 2FETE2ED
92%% Tz,

— ., BELLEEZADORERIL 86,200g, EMMICIE 7T 2F v 7 )
2N 40,975g tl b S (BELEESEZAHABRERD 47.5%), KW T, [RBigAF
72—/ LY @ 14,330g (A 16.6%). = Do N TH ] @ 10,820g (A 12.6%) ., [ =
L¥H] D 10,085g ([Al 11.7%) & 72> T\,
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Z2FO—)LEE
41.0%

il 8
0.5%

HIA-
PR AR
2.3%

|
0.0%

TR
0.5%

fefE %

ZDHho

ALH
0.7%

3 L5 1,508(E&
3.4%
N\ TI52Fvo8E
70.5%
B 4.1-22 BEEZHORENEEZE
# 4.1-13 BEETHOSEMNESE (B : @)
e e B D i = i .
SRS (75 1) Foybe = e
7R A 9 i H H20.2.9 H20.2.9 H20.2.9
AR (m2) 100 (10m X 10m) | 100 (10m X 10m) | 100 (10m X 10m)
7T AT v UM 282 8 292
= A E 11 0 11
WA T v — VI 139 0 21
O 0 0 0
i M 2 0 0
T A - B AR A 26 0 0
& B 3 0 0
Z OO NTY 3 0 7
& il 466 8 331
R B O i %igf & B O i P
H20.2.10 H20.2.10 H20.2.9
100 (10m X 10m) | 100 (10m X 10m) | 150 (10m X 15m) 650
264 63 154 1,063
21 5 4 52
54 10 101 325
0 0 0 0
5 0 1 8
11 3 0 40
0 0 4 7
3 0 0 13
358 81 264 1,508

-52-




HZ
PR 54
8.0%

Z DD
AT
12.6%

86,2009

\\L75X?w7ﬁ

47 5%
AFO—)LEE
16.6%
11.7%
K 4.1-23 EEZHOHLEEEEE
£ 4.1-14 EETHOSHENEER (B :g)
e e B D i = i .
SRS (75 1) Foybe = e
7R A 9 i H H20.2.9 H20.2.9 H20.2.9
AR (m2) 100 (10m X 10m) | 100 (10m X 10m) | 100 (10m X 10m)
7T AF v 7 19,580 530 7,450
= A 5,700 0 1,800
VAT o — L 6,400 0 6,000
O 0 0 0
i M 540 0 0
T A - B AR A 5,200 0 0
& B 490 0 0
Z OO NTY 3,800 0 4,600
& il 41,710 530 19,850
S H R = N
T2 ¥ O i) &R O g & 3
H20.2.10 H20.2.10 H20.2.9
100 (10m X 10m) | 100 (10m X 10m) | 150 (10m X 15m) 650
7,600 1115 4,700 40,975
1900 285 400 10,085
1000 100 830 14,330
0 0 0 0
1860 0 110 2,510
1300 420 0 6,920
0 0 70 560
2,420 0 0 10,820
16,080 1,920 6,110 86,200
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QA EMEARERN (B EEHZY OFEE ZHEE - HE)

EETHOME L VEREZ BEAEE(100m2) H7- 0 ICHE L2 REE2 X 4.1-24
~[X 4.1-27 F % 4.1-15~F 4.1-16 [T~ T,

HALHE AL (100m2) 7=V ICHE L 6 R OESE ZH OB MEEIL 1,420 f# (F
¥y 237 i), ¥E 1L 84.2kg (¥ 14.0kg) TH o712, ZDOHE (CEHHE) 1. 2006
FEHEIZNPECHA AAREND 43 F 2 M RICEE L 2 EEDREOFEH L LD &
EHTHRO04fE, EETH 16T D, AHEHEBIZEWTIE, K200K 7
YT THEBERNICHEREEREITo TR, EothnhEl LIk b ERIE
MLEEIITbATWS (FHEFETY 7R, AR (SEFEEME)
TEEE (ARREME LY COHM) TH, AFEOCKBAICHERSITb T
I oz Thh (GE 4.1-2), HEBIE G Z2RERHER S L7215 23 12
HbELRZ T, EEIARAICLDIHEEFIIRNT B0,

WEEMICIT, AE IO S ofEE (M) ) 2 466 @ LRk b %< RN T,
FHESEHO MEHOME] © 358 #, THAE] @ 331 HOIEL 8-> Tz,
RELEREEZHAORMPMEELELZ, WTholRES (772 2F v 78] Nl
P E HEH Tz,

EEZHERTAHTCH, EFOWERE (FM)) 28 41.7kg L b EL . KW T,
TG @ 19.9kg, [/
EHoOWE] © 16.1kg ©
E & 722> TWiz, 728,
RELEZZHAOEMBE
B EEHLDE, BRUET
(7T 2F v 7H8] ©&
D5 EE N E Wy (37.5~
100%) 25, THA A ] Tl
(% 2 F 17— L
(30.2%) ) = [Zofho
ANTH (23.2%) 1. A
wE (e <X TA 2

=

A - MmigR¥E (21.9%) | BEEH 4.1-'2 RTUyT4THERBREOER L
DD D E A D S B S h7zEE T H

o T (ERE 2042 2 1 8 HiR . BT : FB i /F)

-54-



| RTF VT 4 TIHEBICKZ DN DA R

AHEEB T, AICHE, BRNOEZroifF THn/hEESEAN - HERT 7 4
T, RERLICEIABEREHNITOA TS, L2HL, UFICRTEBY, ER4H
THWEROESINOHRD E, ZOFBIXTELELE NIV,

LHEHBETORT T 4 TIHERIEE

R 17 YR 18 A BE YRR 19 4
(EPNEETE - 87 93
Gk E T - 109 141
w1 2 81 196 234

R 20 4F 1 H 24 B TOEE

FAHFICB T AP 17THEEESE 2N ERE
> MERE : 29.04 kv

ORT T4 7TiER 21.04 kv
QtAMIEEBIC L DR (REFLE) 8 ko
P EWERE (F4B) 1EICSX2 b X7 2HEH (500kg/H)
B E (4R 4 (1)) 1ECS>E 2 hvrF o7 2HMH (500kg/fH)

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

i

; 500kg X (2 A X4 E\ X2 % fr) =8,000kg

=> WUERER - 125 5

O 100 5 1

: QAETEEEM (FEHREAFE) 25 5

| > IEEN H . RER 4 90 B, 310 KEfH

L ORI T T

i 82 [H] XKy 3 MEfHI/IE] 4 246 KEFH

. OEABMERAICEDIER

! 48 |l X 8 IEf]/E F 64 K]

:> AL E] A

I OaHEEOEM 139.2km

| QWREET AW EMORS  125km (., WHERRIBEBON L HER<)
I @ARTZ T 4T ICX DGR

: 1 [l 300m 2 B T 57 1E 22 1 22;@5& 300m X 22=6.600m

| W, EABEGBREEN., EAREICXLSER  1,000m

: @@%E_;émﬁf2ﬁ%m(@%mﬁ%1£mm\%ﬁﬁ%8mm)
| O RFEH : 6,600m+ 1,000m+2,600m=10,200m () 10km)
AGEFS

2 WA (10km) S ER*ET 2MWERORE S (125km) =8%
|
|

AERMAEER XD
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FEHOBE(ER) HEFDEF

WECHSE-HHMRAEME

[ 4668 100m2 [ 3588 100m
1,000 1,000
e -
800 800
700 700 e ;
600 600
500 500
400 400
300 300 ===
200 200
100 100
0 0
THOEE (FEAD HMEHFOER
REBYVEINE—F B &g LR
[ 818 100m? [ 818/ 100m?
1,000 1,000
900 900
800 800
700 700 5 e T ‘TN i sanis
600 600 IE s - \ &
500 500 P E""/
400 400
300 300 =" e
200 200
100 100 ®
0 0 |
FyhE—F BRI o
-
B A E [ 8 #)E RN T (20065F E NPECT /D DEEMREE 1LY)
[ 3318 100m2 ' [ 6498 100m? |
ey 1eE MEEREH : FR 2052 A 8~11H
900 900
800 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100
0 0
AR ERNFE
HROAEE
[ 176/ 100m? R
1,000
e ZDMHOATH]
800 -]
700 B35 R-EREARE
600 P
500
400 # =
300 RAXFO—ILE
200 L8
108 ISRF Y

X 4.1-24 HANA@EE (100m2) b2 OEXRZHEE (BEAL : f8,100m?2)
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BRECHSE FUREME

EHOEFFERD : ] MEHFORF

[ 41.7ke100m? [ 16.1 ke~ 100m?
100 100
9 9%
80 80
70 70 P
60 60
50 50
40 40
30 30
20 20
: = —
0 0
TEHBEF (FEE) HMEHFOBF
AERYVEINE—F BRBE CLf)
[ o0.5ke 100m | [ 19kes100m ]
100 100
90 90
80 80
70 70 &
60 60 | W . [EEmrcEmw ]
50 50 B : Q—‘/
40 40
30 30 N | B
20 20 ey v
10 10 @
0 0
REEYUEYNE—F BREE (LA
B\l EE _ (& ZIENFH (200655 NPECT D DERMRE ILY)
[ 19.9 ke 100m? [ 86kes100m |
100 100 MEEMA : FH 20428 8~11H
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 - 10
0 0
HAE ERFH
BROERE
[ 41ke100m Rl
100
%0 ZTOHDOATH
80 RS
70 HI A RS
60 % 8
50
40 W =
30 SBAFO—LE
20 S
13 F52F 908
HRDER

B 4.1-25 BAIHEHFE (100m2) HEVOEJFEIALER (B : kg/100m?2)
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SROBF

BRBR

BMEFDBE

HAEE

Hotyhe’—F

FHOBEE

BREBR

HMEFOERF

BHAEE

KASL s}

FEHDEF

100m? B 1=Y DiF7E ZAHE % 17618
100m?2 =Y DiFECHER 811
100m? & 1=Y DiF7E " A E %1 35818
100m? & 1=Y DiF7E " A E % 33118

100m? dp1=Y) iR ZHE #1818

100m? =Y DiF 7 =7 {E 31 466{H

0% 20% 40% 60%

X 4.1-26 EEFEZLOERR - SEIEEEAE

- 100m2 HfzYDZEZHER 4.1kg
- 100m2 BHifzY DZZEHE= 1.9kg

- 100m2 H1=YDEE CHEE 16.1kg
- 100m2 =Y D& ZHEE 19.9kg
- 100m2 =Y DZEEHE= 0.5kg

0% 20% 40% 60%

X 4.1-27 EEFETHOHEEY - SENEEES
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# 4.1-15 HEMEHE (100m2) »7-0 0EE ZHEEH (HEAL : f8/100m?2)
. . SE W D U o i .
oA . H N D 1 5
11 4 (7 ) Frty bt —F H a1 R 2 B o i 5
A E i A H20.2.9 H20.2.9 H20.2.9 H20.2.10
282 8 292 264
P = - H
TIAT VIR (60.5%) (100.0%) (88.2%) (73.7%)
o 11 0 11 21
( 2.4%) ( 0.0%) ( 3.3%) ( 5.9%)
139 0 21 54
& — JV3H
BRATF BN (29.8%) ( 0.0%) (6.3 %) (15.1%)
0 0 0 0
@
W ( 0.0%) ( 0.0%) ( 0.0%) ( 0.0%)
2 0 0 5
¥
= ( 0.4%) ( 0.0%) ( 0.0%) ( 1.4%)
26 0 0 11
x . o nn
H7 2 RS ( 5.6%) ( 0.0%) ( 0.0%) ( 3.1%)
3 0 0 0
A #
eR= ( 0.6%) ( 0.0%) ( 0.0%) ( 0.0%)
3 0 7 3
trooALY ( 0.6%) ( 0.0%) ( 2.1%) ( 0.8%)
P 466 8 331 358
= (100.0%) (100.0%) (100.0%) (100.0%)
110 L .
= D R fi
(4E0) RO AMERF SETY
H20.2.10 H20.2.9 6 ¥ 7 & i 6 ¥ Y
63 103 1,012 169 494
(77.8%) (58.3%) (71.2%) (76.1%)
5 3 51 | 8 6
( 6.2%) ( 1.5%) ( 3.6%) ( 0.9%)
10 67 291 | 49 125
(12.3%) (38.3%) (20.5%) (19.2%)
0 0 0| 0 3
( 0.0%) ( 0.0%) ( 0.0%) ( 0.5%)
0 1 8 | 1 2
( 0.0%) ( 0.4%) ( 0.5%) ( 0.3%)
3 0 40 | 7 9
( 3.7%) ( 0.0%) ( 2.8%) ( 1.4%)
0 3 6] 1 5
( 0.0%) ( 1.5%) ( 0.4%) ( 0.7%)
0 0 13 | 2 6
( 0.0%) ( 0.0%) ( 0.9%) ( 0.9%)
81 176 1,420 | 237 649
(100.0%) (100.0%) (100.0%) (100.0%)
1) () NOBMEIZEMIEREZ RT,
E2) 2FEEHIT 2006 £EIC NPEC A" FEE L7 MEUOESEMHRAE] OFEIVIIE (XD

43 M & O B o
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# 4.1-16 BN EHAE (100m2) 72V 0EZEZALEHEE (AL : kg/100m?2)

. . SE W D U o i .
25 U : i 3 B0 O 1 2
A e 4 (7 ) Foty bt H A 1 2 O F
A E i A H20.2.9 H20.2.9 H20.2.9 H20.2.10
19.6 0.5 7.5 7.6
P = Z - H
TIAT VIR (46.9%) (100.0%) (37.5%) (47.3%)
o 5.7 0.0 1.8 1.9
(13.7%) ( 0.0%) ( 9.1%) (11.8%)
6.4 0.0 6.0 1.0
& YA A o — )L ¥H
BRAF A (15.3%) ( 0.0%) (30.2%) ( 6.2%)
0.0 0.0 0.0 0.0
A 2H
( 0.0%) ( 0.0%) ( 0.0%) ( 0.0%)
0.5 0.0 0.0 1.9
ki
= ( 1.3%) ( 0.0%) ( 0.0%) (11.6%)
5.2 0.0 0.0 1.3
Sz . o nn
7z P B 22 %5 (12.5%) ( 0.0%) ( 0.0%) ( 8.1%)
0.5 0.0 0.0 0.0
4 B
&R ( 1.2%) ( 0.0%) ( 0.0%) ( 0.0%)
3.8 0.0 4.6 2.4
D D T
COmONLH ( 9.1%) ( 0.0%) (23.2%) (15.0%)
P 41.7 0.5 19.9 16.1
= (100.0%) (100.0%) (100.0%) (100.0%)
1 10 L .
I D 5 T
(4E0) = ROl AMERF SETY
H20.2.10 H20.2.9 6 ¥ 7 & i 6 ¥E R
1.1 3.1 39.4 6.6 6.1
(58.1%) (76.9%) (46.8%) (70.6%)
0.3 0.3 10.0 | 1.7 0.4
(14.8%) ( 6.5%) (11.8%) ( 5.1%)
0.1 0.6 14.1 | 2.3 0.4
( 5.2%) (13.6%) (16.7%) ( 4.9%)
0.0 0.0 0.0 | 0.0 0.0
( 0.0%) ( 0.0%) ( 0.0%) ( 0.5%)
0.0 0.1 2.5 | 0.4 0.1
( 0.0%) ( 1.8%) ( 2.9%) ( 1.7%)
0.4 0.0 6.9 | 1.2 0.5
(21.9%) ( 0.0%) ( 8.2%) ( 5.2%)
0.0 0.0 0.5 | 0.1 0.2
( 0.0%) ( 1.1%) ( 0.6%) ( 2.3%)
0.0 0.0 10.8 | 1.8 0.8
( 0.0%) ( 0.0%) (12.9%) ( 9.8%)
1.9 4.1 84.2 | 14.0 8.6
(100.0%) (100.0%) (100.0%) (100.0%)
E1) () NOBMEIEFZHMBERZRT,
*2) 2EYEHIX 2006 F£/F | NPEC AEE L7 WU OESEYHE] OB I8 H (BAD

43 g O M)
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() i A ¥ 5 1 5 AR I A O R )
a. HER S o EE R
EEZHICHTEN TS X
FENS, BEIAHAEENER
Db (RN ZEFT) & EAE
Kobo (SEEIA) LI1Th
ML, EHEAOCEELHIE LT,
R A 4.1-28~X 4.1-30 &
O# 4.1-17~F& 4.1-20 1277,
6 HEfF CHELAAEK TR
OB EF X 350 B, T AVIEEREE
LR TOEEITHD 23%IHH

WA FEMBNCIE T RT BEHE 4.1-3 BRCEZLEIEHT AR
JE N30T MEEHEL (B (Elsns, ThEE) tEbnd)

LS ER DL RMEEKO

88%), WWT, E@AFu—LHH] © 21 ([ 6%). [FF7 2 - MEHEH ©

18 (A 56%) &7e-Twni, 2k, AER LR ERT 29.3kg, RE LS
DEFHFZHITEDDHERIL 34% ThH o 7=,

x%u—»ﬁ

JL%8
6.0%
K 8

0.3%
/[ 0.0%
AR
il
5.1%
ZDHD ALY &RE

0.0% 0.6%

B 4.1-28 AEBEZLOEKEE
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#z 4.1-17 EEXEZTAHZOKMEE (HN - EARSR]) (BAL: #)
S B S FEREN .
BRSO = N i e ke
ARG (75 1) ey bt —F 5
EEESES = H20.2.9 H20.2.9 H20.2.9
WA mFE (m2) 100 (10m X 10m) | 100 (10mX10m) | 100 (10m X 10m)
157 8 220
7T AF v 7
TAT VIR 125 0 72
o 11 0 11
0 0 0
135 0 14
A A F a— LR
%‘E/\L 7‘ *E 4 0 7
0 0 0
W M
W% 0 0 0
1 0 0
)
i ¥ 1 0 0
14 0 0
T A - [ G AR
HZ W) 1% 25 K 12 0 0
1 0 0
L ¥
j’:)ﬁ#ﬁ 9 0 0
3 0 7
Ot AT
ZOfo NI 0 0 0
e HAR 322 8 252
o 41 =) B 144 0 79
. B £~ = .
5 B D Vi ER NN Y= -
T (I ) = R O & &
H20.2.10 H20.2.10 H20.2.9
100 (10m X 10m) | 100 (10m X 10m) | 150 (10m X 15m) 650
218 48 105 756
46 15 49 307
21 4 4 51
0 1 0 1
45 9 101 304
9 1 0 21
0 0 0 0
0 0 0 0
5 0 1 7
0 0 0 1
6 2 0 22
5 1 0 18
0 0 4 5
0 0 0 2
3 0 0 13
0 0 0 0
298 63 215 1,158
60 18 49 350

) £o. BB H AR,
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* 4.1-18 BEEZHOKREERE (ERN - EAR&H) (A g)

e e e s B D W S fHIE S ,
R (7 fa) Jreght” - nom
iESEY = H20.2.9 H20.2.9 H20.2.9
A wEAAE (m2) 100 (10m X10m) | 100 (10m X 10m) | 100 (10m X 10m)
A AR 24,020 530 15,800
AN 17,690 0 4,050
& & 41,710 530 19,850
S H R = ———
R B O Y i) &R o g 5 & 3
H20.2.10 H20.2.10 H20.2.9
100 (10m X10m) | 100 (10m X 10m) | 150 (10m X 15m) 650
11,760 1,060 3,730 56,900
4,320 860 2,380 29,300
16,080 1,920 6,110 86,200

WA EAE (100m2) 70 ICHE L 6 WFEOER 24 o[k Ok E &
XE N Ei 334 i, 28.5kg, BIEAE A EO LEIEGIT. LT 23.5%, HE
T 83.9% TH - 7=,

WX, sk, rERIEO TEH o (FRE) ) (E%KEk 30.9%)
LAEEEMO TIHAE] (F23.9%). BfiEE (dem) ] (A 22.2%) THE-
THoRPELS, BEETH TAfkiEFE (B0 ) (EE 44.8%) ° [EHO
Mg (A 41.7%) THER ZHOLRB &2 -1,
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SROERF

BRBF

FEFNER

AR

Yutybe-F

THOBE

X 4.1-29

SROEE

BRBF

HEFNER

BHEE

Yoty —F

THOBEE

X 4.1-30

B BRI AH(FHAZED)

ENERTH

0% 10% 20% 30%  40%

50% 60% 70%

80%

90%

100%

HAmAE (100m2) H7) OAERIAHEEK (BERN - BARKOEFS)

® BARHTH(FRAZED)

mSERTH

0% 10% 20% 30%  40%

50% 60% 70%

80%

90%

100%

HimAE (100m2) H7Y OAERIALEER (BN - EARKOEFS)



® 4.1-19 HMEHE (100m?2)

bl DBEEFEZHEHK (BA - EARERBI)

(BAAZ : {#/100m?2)

S -85 D YE = HHE B .
o 2 . B A &
R (75 1) Freght: -
A fE B H20.2.9 H20.2.9 H20.2.9
157 8 220
7°"X N 7*/
7AF Y IR 125 0 72
. 11 0 11
0 0 0
135 0 14
gV A F o — LIH
F&a % A 0 .
0 0 0
b i
i | 0 0 0
1 0 0
i
i $H 1 0 0
14 0 0
ﬁ"x - [ Jf'mak/
Z W) 1% 25 4 19 0 0
1 0 0
4 B FE
j‘:)af 9 0 0
3 0 7
D> N T
FoMMmoNTY 0 0 0
aat A A8l 322(69.1%) 8(100.0%) 252(76.1%)
i 44 = 144(30.9%) 0( 0.0%) 79(23.9%)
. H & ¥+ .
2 8% o iF 5 =R D ¥ F .
] ST Py () = O -
H20.2.10 H20.2.10 H20.2.9
218 48 70 721
46 15 33 291
21 4 3 50
0 1 0 1
45 9 67 270
9 1 0 21
0 0 0 0
0 0 0 0
5 0 1 7
0 0 0 1
6 2 0 22
5 1 0 18
0 0 3 4
0 0 0 2
3 0 0 13
0 0 0 0

298(83.2%)
60(16.8%)

63(77.8%)
18(22.2%)

143(81.4%)
33(18.6%)

1,086(76.5%)
334(23.5%)

1) R, BB HE AR,

m2) (
&R,
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#F 4.1-20 EMNEME (100m2) 72V 0BEZEAHEE (BN - E4AS 5 5])
(Bf7 : kg/100m2)
. . -85 D YE = B .
o 2 . H ke
R (7 1) oty bt - WA
A fE B H20.2.9 H20.2.9 H20.2.9
H A #l 24.0(57.6%) 0.5(100.0%) 15.8(79.6%)
A = & 17.7(42.4%) 0.0( 0.0%) 4.1(20.4%)
& Gt 41.7 0.5 19.9
L (SREFY= o e
2 I O W I ) =R o5 -
H20.2.10 H20.2.10 H20.2.9

) (

11.8(73.1%)

1.1(55.2%)

2.5(61.0%)

55.7(66.1%)

4.3(26.9%)

0.9(44.8%)

1.6(39.0%)

28.5(33.9%)

16.1

1.9

4.1

84.2

) NOEKEIF, EEEIHACEDDI AR - HERIZOEE (%)
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b. [E £ 55 A R

AER SO EER - HEEHAEK 4.1-31~K 4.1-32 L OFR 4.1-21~ %
4.1-22 12" T,

EAERE L THRELEESEZAOEELAL L, THE - BB BERO b OR
79.8% Lk b % <. RWT, TEE - JLFlfE] ER D 16.0%, £ Oftto k) &K
D 42% LT o Tz, o, EMINCIZ 772 F v 78 BRbEL. 2O
88%% (5w T,

WThofEES [HFE- BF) BEROZHNBEEEZ 5D TWER, GEEHR
Moo THEROMR] Tk, MEE - JbglfE)] < T2omots) ERO 2L EE
Iz E < FEN TV,

Av7 Z 0t
0.0% 4.2%

wE-LEe
16.0%

e fE 2k
3344

S HE AT

79.8%

B 4.1-31 SERIAZOEER - BEHRES (BAEHEO0m2)H 7Y O E%K)
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hER = BE-GESAHER s T7HRH = Zof

EROER —

100m2 & 7=t DA} E B 7 8% 33(E

sas ——

100m? &7=4) DA} E| B A B4 18(E

meFoks [ —

100m2 & 7=t DA} E B 7 8% 60(E

BEE [ ——

100m? &7=4) D} E| B A {EEL 79(E

Yrbybe’ -7
100m? &7=Y Do E %R A& OfE

THOBE
100m? g7=Y Do E RS A ER 144{E

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

X 4.1-32 B EBEOAOM2)I7ZY ONERMLOMEENEED - FHkE 4
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® 4.1-21 AEBTLZOEER - sEINEHEERVCEERE
AL
e e e B o #iE 7 B .
A (75 111 b - noa
EiESESY s H20.2.9 H20.2.9 H20.2.9
A mfE (m?2) 100 (10m X 10m) 100 (10m X 10m) 100 (10m X 10m)
0% ik i o it ik [ o i ik [ o i
7T AT v I 97 28 0 0 0 0 0 0 59 13 0 0
= A5 0 0 0 0 0 0 0 0 0 0 0 0
AT v — L EH 0 0 0 4 0 0 0 0 7 0 0 0
O 0 0 0 0 0 0 0 0 0 0 0 0
i M 1 0 0 0 0 0 0 0 0 0 0 0
AT A - B 12 0 0 0 0 0 0 0 0 0 0 0
&R 1 0 0 1 0 0 0 0 0 0 0 0
OO NLY 0 0 0 0 0 0 0 0 0 0 0 0
o ESPl] 111 28 0 5 0 0 0 0 66 18 0 0
& &t 144(17,690g) 0(0g) 79(4,050g)
. SRO Y= o
MR B O Gl &R O
H20.2.10 H20.2.10 H20.2.9
100 (10m X 10m) 100 (10m X 10m) 150 (10m X 15m)
H i = fit H i o fit H i = fit
41 5 0 0 15 0 0 0 26 11 0 12
0 0 0 0 0 0 0 1 0 0 0 0
9 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
55 5 0 0 17 0 0 1 26 11 0 12
60(4,320g) 18(860g) 49(2,380g)
&
650
H i o it
238 57 0 12
0 0 0 1
17 0 0 4
0 0 0 0
1 0 0 0
18 0 0 0
1 0 0 1
0 0 0 0
275 57 0 18

E) £, WEEoPIHERM, didEE - b,

HDOEERT, Fi,

(

) WidaitEEZ T,
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* 4.1-22 HAEHE (100m2) H7-00AERSLZOEER - SEIBEELEOCEERE
WA f/100m?

e o 95 D i = 5 .
et (75 410 bt ¢ noa
EiESE H20.2.9 H20.2.9 H20.2.9
G E H i o fil T it o il 7 i = fth
TITAF v 7 97 28 0 0 0 0 0 0 59 13 0 0
= A HE 0 0 0 0 0 0 0 0 0 0 0 0
¥V A F 1 — L 0 0 0 4 0 0 0 0 7 0 0 0
MO 0 0 0 0 0 0 0 0 0 0 0 0
i M 1 0 0 0 0 0 0 0 0 0 0 0
7 A - PR A 12 0 0 0 0 0 0 0 0 0 0 0
&R 1 0 0 1 0 0 0 0 0 0 0 0
ZOMoNTY 0 0 0 0 0 0 0 0 0 0 0 0
o = 5 111 28 0 5 0 0 0 0 66 13 0 0
i & 8t 144(17,690g) 0(0g) 79(4,050g)
F 5L B 0D i 1 %iﬁf & B O ¥
H20.2.10 H20.2.10 H20.2.9
H it = it H [ 5! it H [ = fth
41 5 0 0 15 0 0 0 17 7 0 8
0 0 0 0 0 0 0 1 0 0 0 0
9 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
55 5 0 0 17 0 0 1 17 7 0 )}
60(4,320g) 18(860g) 33(1,587¢g)
&
ik L3 o i
229 53 0 8
0 0 0 1
17 0 0 4
0 0 0 0
1 0 0 0
18 0 0 0
1 0 0 1
0 0 0 0
266 53 0 14
334(28,507g)

E) &, WEHOPEHRER, @id@EE - R, cde v 7®/z2Rm 0, MMTEERHOSNERD
HBOKERT, £, () NEAEHEREZ T,
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A (E#E) PEbEL<, PIXAF v 7 EAEKRD 46.1% % EO Tk, RWT%
Mol TR My (BB, BEA - AR, BRaHRE)] ©17.6%T, IR
HWE (7B BERNLA MR ERSR, ST Xy T RE) ] D 16.3%
Wiz < (X 4.1-33),

FEMIMEERLEN T FZAF v Z7HIZIRWTE PR AF v — L TIE, T3
WAFr— Lo I OFEG () Pikb 2 < Bl AF e — VE2KD 91.1%
ZEo T (K 4.1-34),

FOf, S HEEROFEMCONTIEBEEE 417 LT,

eLry

~RLyk
(7 7RF oL
0.0%

@73k
17.6%

SRS M 4.1-33 B 50BN
9.8% 3.1% (FF5A2AF v 7 H)

O— LR B 4.1-34 EE I H O SHEDIHER
o (¥ A F v — L)
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d. fih ik & o bg
ASBEOFETHLNH R L. 2006 £% (2 NPEC 728 H A D 43 i fF T L /-
(D OEEMTE] OFREZRE_D L £ 4123 LR, B EE
(100m2) &7V OEEZHOEE T, 4 E o A& R 2 2 E L K IUMN - pf

MU T OFE 2 REIZTFE > Tz (REFELHETIUMN - =Y 7 0 FEB I

ML, ZNEN 0415, 0.1fFE72>TWwi), —J, BALEA (100m2) H7= 0 O

FEAZHOBRETIE, EEEHO 1.6 5, U - il U 7 FEHD 05/ L 72->T

Wiz,
¥, AEREZERML-AEED 6 RICBITIHAERILOE ST, EK

T 0~30.9% (P 23.5%), HEL T 0~44.8% (F¥) 33.9%) 72> THY,
IOHLBITEEYY (EEkit 2.9%, HEk 5.8%) LOJUM - =Y 7 0¥ (fE

Bk 3.9%., HEL 5.4%) ICHAXEWEE 8o T (£ 4.1-24),

ZoXkol, AEEBZEVWTH, dERE, AERIZ GBE ZA) OR8N

REL, EEMRIRDLELEND L ZATH D,
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K 4.1-23 BEZTHORKR (g & o k)
e e HBMMEmEOZD O HBMMEmEOZL O
e B S WS E R
7T A A R B o g (VEAl) 466 fH/100m?2 41.7 kg/100m?
FHEHEY Y hE—F 8 {E/100m? 0.5 kg/100m?2
5/ I SR 3 331 f#/100m? 19.9 kg/100m?
[ZP=% SR 192 358 fi/100m?2 16.1 kg/100m?2
AR R (b)) 81 f#/100m? 1.9 kg/100m?
&R D W 176 {#/100m? 4.1 kg/100m?
- (a) 237 {#/100m? 14.0 kg/100m?
NPEC i #& * 4 EFH Y (b) 649 f#/100m?2 8.63 kg/100m?
BT EYrae) 1,731 f/100m? 25.98 kg/100m?
(a)/(b) 0.4 1.6
(a)/(c) 0.1 0.5

*: 2006 £ NPEC [0 0 5% ¥ il 4 |

£V

K 4.1-24 BEZHORHR GGERIZAZOEBEANRE)
e e PR R - HEBEE D A E R
A ({#/100m2) (kg/100m?)
AT A R B o g (VEAAD 144 (30.9%) 17.7 (42.4%)
FHEEY Y FE—F 0 ( 0.0%) 0.0 ( 0.0%)
H A ik 79 (23.9%) 4.1 (20.4%)
R B O 5 60 (16.8%) 4.3 (26.9%)
B R E (AR 18 (22.2%) 0.9 (44.8%)
=R O i 7 33 (18.6%) 1.6 (39.0%)
V¥ (a) 56 (23.5%) 4.8 (33.9%)
NPEC #H & | 2FHTH (b) 19 ( 2.9%) 0.50 ( 5.8%)
3 NIRRT EYPA®) 67  ( 3.9%) 1.40  ( 5.4%)

()

*% . 2006 4FE B NPEC [0 o & 5% ¥ 38 4

NOBMEIZRESZAHICHD DS ERER ZHOHE

£V
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4.2

4.2.1

BEIZHHEEORRIERE

“roAE” 2B 5 R

(1) sRERE FEERY
OLEE ' X2EARY 33"

Rk BAREICEREE DN EM L-H 4 M A RRERSEHERNRE BRHAAE) ITX
iE, SEOWFERORNITIK 4.2-1 LR 4.2-1 18T EEVTHD,

XHEOWERERIZTREPARIBREL R TEY (2EOK 85%)., ANTiHEFIT4E
B 14% ., FEHRBREIIEEDO 1%IFETHD, EVDTFEOREREL TR WVE
RIBRENEZL, EREELTVWDLLEZATH, BIREFRVWIEOEBEZT L7120
W EIE A< AR (BIR) BAE 0,

ZENCHEEROBIYCEEREMRORRICLIIATELLIELT, HE
KIHEIDEICABHAREKEZZITTVRVEHRBERZLBENLTEBY., 4%

BB, MEROBIER 911km OWNFIT., MHEKREXE 2 161km (9 5, 4km
T MIETER), 2o (—RAEBEEFOMLE) N T64km Lo TS, 2D
OB, MERERAXKIEOFEERNNRIT, EH LZEAE 2 48km, EAKES 2 103km
LlgoTnd (£ 4.2-2, ¥ 4.2-2),

* %

TR ICESE, BHCEESEP OB BT AEE T ARIBRIZOVWTHEEINLIRIK T, 20
KEBNTIEH, BEEFHEELPLBIZIS L CHEEREMR BEBSOHERERE) ORBLOZOMOEHE
ZITHo TW5b,

DR T, RRE
CAREDBELE

BOBNICEESNBEOZ Ea 0\, xR, “RKBLELEEINE, B
LA, WKILEOCIERZHE, #EZ2RNRICE O 2EE Z F7-7,
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£ 4.2-1 XMEOWEE

HAL: km, %

K 4 Xt 55 T

ST EHEHT BERT E-SLg FIRRT FxtRRT
T 8O 1 Te Ik g 6.36 0.00 0.17 3.13 0.00 1.55 1.51
. éﬁ;gﬁgliﬂtL:lg W (W ¥ ) I 10.13 0.44 1.10 3.97 0.00 2.15 2.47
% A () ¥ 174.29 29.24 1.87 7.12 14.44 51.92 69.70
ﬁg W ATRICIRMAFEZE L TV 559.65 47.31 328.27 116.02 25.96 4.74 37.35
/N EE 750.43 76.99 331.41 130.24 40.40 60.36 111.03
B & 84.91% @ 85.55% @ 87.83%  80.84% | 80.61% . 88.36% | 81.07%
e ] IR 0% i S 1.04 0.45 0.00 0.00 0.00 0.00 0.59
e ?;;Tﬁ()ifg W (W i) 1 2.95 1.61 0.00 0.00 0.00 0.61 0.73
5: & (B ) i 6.97 3.07 0.00 0.00 1.73 0.35 1.82
| WERATHRICESEEL THARY 0.63 0.00 0.00 0.00 0.63 0.00 0.00
$ /N EE 11.59 5.13 0.00 0.00 2.36 0.96 3.14
B & 1.31% 5.70% 0.00% 0.00% 4.71% 1.41% 2.29%
PN IC L - TT& R 48.01 6.46 12.76 7.00 2.67 3.95 15.17
A FHickoTTE MR 0.34 0.34 0.00 0.00 0.00 0.00 0.00
% Z O fh o N TR 73.45 1.07 33.18 23.86 4.69 3.04 7.61
N 121.80 7.87 45.94 30.86 7.36 6.99 22.78
faly 13.78% 8.75% | 12.17% = 19.16% | 14.68% | 10.23% @ 16.63%
I 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00
& 5t 883.82 89.99 377.35 161.10 50.12 68.31 136.95

) OHARWER MR (THR) PATIRL - THESNLAZAVTHROREZRFL TV LR

HKRMEE B, #R, TN IRy REOANTHEED TR GTH) O —WMICATAMZ 5TV R, 8
WICBOWTIEHBEROREBEZREL TV DHMF

NTHER: : P95 - BN - B - THSICEVEFELLATHICOL bNEZEES, MIHEICATHEEYLS D D

WA WNEORE IEEAAOMITHER) X2 MKk ok FRzEEORE &+ 5

L) T28 4 W ARERBER LR A MREHAREE RER RETARRER - 7 V7 MAKR St CFK 6 4 3 )

# 4.2°2 BEREXBOFHERX S

H H B
WEREBERIER 9011km
(BREL2BEERE+ZOMBRELEERE - ZHIEEER)
EREBHRER 151(4)km
W 5 R 4 X IE B 151(4)km
ESJS BB i) )1 29(0)km
P 19(0)km
B AR K BE A AT 1R B )R 42(0)km
KPET 61(0)km
3R E I Okm
TOoOMBREER (—RAXBREEI L) 764km

) () NOoEMmITZZHRIEBEOER
HE) THE B -t BRREERelARFE~ZmeEko TLE]
~] BFE (FEpk 16 43 H)
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RIFRARBRERELHICESH T, BT, VK, R, FBEE, &
BOR, ERMFED 5 HBAROBREREREHMBICIEEINTEY, ZThbD
BT RERHERARBELIRR SN . BVEROMESEF I TV D (K 4.2°3,
X 4.2-3),

k., RARRERESMEIZ, OB RAKRSH YIS %2 5O D 7R X,
QR E LA T5XKESE, OBAREENEALTZRELHERL TV DIEFE
% QWMo BaAM, BABHOAEMA YT, BRNEENESENL AR TE
DEIBNICBIT 2 HRBEZHRET I ERKFICKLELSNI-MBBEESNLS,
Fo. RARBEMASMBIZIE, HIE L, HEX AR T LA TEY . YK
BT 2EBRBEOREICHL TRICREZM D & “Fhll” & 55 H X
DRI E L, FIHX E FHOICEE L2 “SEthX” L IckySh, B 5
TV IFhbFEMX E L THRES N TV D,

* 4.2-3 BRREHAR2HE (RFEREE)
(FRk 184 5 A 1 HHLTE)
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o, AEORELMIE, ARICESSIAKRMRRBHIZOVWTUTIZRET,
INOREBPETLI2EROENL ST, BABRL L TORVAAMMEZELRB L,

HEDBAD—DILEoTWD E-DNS,

> BB EEAR (B 4344 7 H 22 BRE)

MR (M & FR<) 11,950.0ha, #EH AR MX 47.5ha,

X ISV s S & kP O R D 7 D ik T, MW EA S A T
V7 ARMBROMBTHIEFEZ2IILOE L TCENICALNDIMEEER ED
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B I NSRBI R
> THRIEEOMWE (LALONAZA)

FASE O RRL AW, ME LT, HERRICARSLER,. BIBROEMICE - T
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Wlg (-> & &)
B 2> & Gl EEVEREICE VAT & 2 AICEH L TWAIFICE [ W O IR LT

SO, MEBHICES T LT 2MAICE > THRIEFOAEL 72> TV DA,
WYMo NnES, ENSEELVLWKKEELTLHELNLTWDS,

>

o
}I(_J_
=R
o

M opEE

s
) xS WEB @15)%  (http:/www.city.tsushima.nagasaki.jp)

A =3y NAKRIIZERT (http://www.sizenken.biodic.go.jp/)
NI &> b (http//www.nagasaki-tabinet.com/)
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H) < 27: 0D - 8RBT & (httpi/kanko.gnavi.co.jp/spot/13/42000213.html)
FIGE TRy ¥ > 7 v 3 (httpsi//www.pref.nagasaki.jp/bunka/)
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R O SIS AL E T S B TIE. R R EM YRR IR T S A7 I e AR
L W EMELZ B D ENTE D,

Flo. FEBITOKBIHEBKBSHOBE TCIITRRAKE 22 I NI ¥
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# 4.2-4 HNEOCEEEMHM (BEADEEREH 500)

1 1 44 w147 LW EH - R 13 E B
i K 5% 9 {1 JT€ el A=K | xRS 1% 4k vyt rvavod (AR
(BE MU - 2) & A ) o A 2
i i K5 15 it FTAT AR, YT A

R A =HTIXAXTHRAA
ViR EOKAEFBELEE

o B KO | 2 I P GO Tk IR ST = i | AN/ A I -5
(B E HEUE - 1,2) DOARIETH 5
i Xt - W VAT A R (i PR fE R T

)3 # .Y IT AR
G wk i W)+ s it &
CHITAVROAERM, b
X<A ~NKYAR, #EE R AR
DAADE X< A MR

AR
H /& T Do | BB X5 - Bk X RS TR ME — | Hh KA 28 %
(GeELYE 2 1. ET DAV, S T

B lpolZ A4 ayFnig
BEL.&RETIEH X7 A
ALRERO2»Y | BERAKAE}
WHMEERLTWD, Fiz,
XAV I T IHERRH ALV T
TET R IRE, KL B
D D E BB LN

) B A
1. R - EEm, I - W, P v — Tk, B, a0 b, Aok
FABRME L CHMBYELZTIHEORBEOHEMEMEA L TWAIES
2. o fE, BMARENEE - AEABLTWVWDLIHA
M) T RO \EEWH 500) 4 > % — % v b BRI (http!//www.sizenken.biodic.go.jp/wetland/)
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@ JEE s - Sk i pE

HBIEHELS PO KEEORBERH Y | BHNICARLEFTEHOE S Lo TS,

BAOHF CHRIEEBICRDEVE WV BN EAELL, BRIV KELSOR
b, HFHmos, RIE. LHK. BFEREELBZADAAROENTH o7z, it
PRHEITIHLSPOEGREORTENEALIZITDIL, ZOIEERZWRMNM L., *IHEIC
TEZ L OFEY., AL, diEY . FERERLIR O 4 B IR I e & o ST 3k o
TWwWd,

EREOBLVIMBRHRUENLOELNENTEXNEHAEDOESL - T/LEBED F 72,
BAXBERL L CORBBVHAMEZEABL, BEOMAD -2l o TV &R
PhD,

HEDOXM BHIIMHTDEHD)
> xR ERBMITE (R E L)

BRI O M O ABIF O, X 3 4
(1663 ) ICHEFE I iz 4 FLDZEE L 5 5
DIRENIK > TV D, FIRO AR T LD
Bab, EREOLRRHEEL > 2R bE 5, o8
BHETICh >R AR ERE R
TR ZRTE LB EDO —DOLRHLE LW
x % W,
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(2) th&m &
OAR

PRk 17T HFEOESBFEICL D E . BT OB A DL 38,481 AT, wmilE (Fpk 12
) MERFLER6.T%DED Lo TWnD,

FERFE RIS D & FER 12 DR 17T F ORI 0~14 ROED A0
14.7% Ok, 15~64 HOEFEFAD S 9.7T%0W PV %/ RLTWD, —JF, 65
LA EDOEFENOIEL 7.3%OEM (B ADIZHDDE AT 26.2%) & 72> TV D (F
4.2-5),
> mEmE LN ED S - kS

R 17T O B ARO GEELE T 20.04% TH D08, KMIETH TIEX, ¥k 12 F 1
RTTTICEEImERIT20% 2B THED . FRITHEICIT26ICEL TS,

ZOXI)ICREPOTRARBEI - B OELHICE T, HAERS B E

£ 4.2-5 F@mBAD - HEEEOENL (HEBHE)
B A, HEH

X o BRFD 554 | BRI 604 | Rk 24 | FRR THE | R 124 | EAR 1T B
PN 50,810 48,875 46,064 43,513 41,230 38,481
LN 12,845 11,615 10,050 8,352 6,834 5,827
(0~14 %) 25.3% 23.8% 21.8% 19.2% 16.6% 15.1%
A FEAE N O 32,528 31,376 29,264 27,145 25,001 22,575
(15~64 1%) 64.0% 64.2% 63.5% 62.4% 60.6% 58.7%
ZHENA 5,437 5,884 6,735 8,016 9,395 10,081
(65 LA 1) 10.7% 12.0% 14.6% 18.4% 22.8% 26.2%
1 7 4% 15,176 15,232 15,164 15,169 15,038 14,710

F) RHRFO%ITRAD KT 2FEENADOE A,
Hh) B i WEB #1{3/ (http://www.city.tsushima.nagasaki.jp)

*

PRI, mEm R (65U LD AR BARIEDDEE) N TR EBALHEED I L2 Emkit

REWATVD, EHIT, Al LEN 14D r B2t r Gt 20% 2 B 2 -tha %@ 6t
R LTS,
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@ JE ¥

Rk 12 FOEBWMEICLD &L METOREANDIZ 20,219 AT, 205 L
—REE~OBREZEO ED LH G 23.9% 5 IRFEHE 19.6% . 5B =K E¥ 56.5%
Lo TWnd (K 4.2-6),

FERPNITF —ERAEN222% LR BE RV TIED 19.7% L 72> T D,
BB, B oWEEIZR THNIE, WMERREKD 826%% HD TRV, WMENT
DEBEFE LR > TWVD,
> KPS DK E ¥

WERICHDTELS SADAVIIRRARORE LR £, ERIK & KED
FEARBRZEE L, IMBEICREFREGRER SN TVWEZ b bo T, WMENSXIE N
DEBEFK LT > TN D,

WEMBIIT, SERBE- BRBZAGOPLET DA DRV RENFRL
Mo TEBY, AWV RECAFEFITIRFREMED 54.8% (H15 2K FEH )
EHHTWD, Z0E2, HAKETOXA, 7VHVKEE, BHAKETOI 2T O
THIME, MEBRTOY A JIEIRE, BEFETOT U EMRE, 2EMETO

EEMEBERELEATH D,

MHEBTEFBEEZPLICEAT, FIZ, ERBMELERIRKRA2EKO
43.5% (H15 EEAKEFREZ) 25D TVD, Z0ENCH., BEN-BAAEE%
HRELT, 2EHETEMBERENE I TVD (£ 4.2-7, £ 4.2-8),

L7AL, 25 Lke—hT, flEITEFEEBDEMICH D MERETOK L
BLTETWD, £, BEREFOESBAESLHME L RIEFEREOEL WED
MBI > TWD, b, MEF - AHZ OINLE*ITH 480 T L -> T
%,

ORI, BB E KERFEABZE L, WRICREFRIAEEZFRT 2 45
FEOMEIT, B OKERICER 193 EM (FR 15 8) Lo REZ L6 LTED,
AREDOEFEXADEREZRT I ECHBERGLRA2TVE, 20D, KE
DWPET H (B - BEEZH, MIEZH) CXH2WBERREOBITIKEE, OO
TIHEORBFICETCREREEZRITEBENALLE D D,

*

DR 1B AE O [(JRE S IR ) (£ 4.2-7. £ 4.2°8) ERI2FOREREFL (£ 4.2-6)

TR L 721,
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#x 4.2-6 EEJBREEREOHE (HZHAE)

HAL ;A
IR - - . . .

Y WA Fn 55 4 B Fn 60 £ Rk 2 4 R 7 TRk 12 &
el

B 23,277 100% | 22,192 100% | 21,367 100% | 21,292 100% | 20,219 100%

B R PE¥E 8,313 | 35.7% | 7,454 | 33.6% | 6,190 | 29.0% | 5,621 | 26.4% | 4,832 | 23.9%

= 3 2,011 8.6% | 1,909 8.6% | 1,235 5.8% | 1,005 4.7% 712 3.5%

S 412 1.8% 382 1.7% 244 1.1% 152 0.7% 128 0.6%

i % 5,800 | 25.3% | 5,163 | 23.3% | 4,711 | 22.1% | 4,464 | 21.0% | 3,992 | 19.7%

R PE ¥ 3,903 | 16.8% | 3,709 | 16.7% | 4,131 | 19.3% | 4,398 | 20.7% | 3,965 | 19.6%

oL % 64 0.3% 48 0.2% 52 0.2% 56 0.3% 51 0.3%

% 2,860 | 12.3% 2,557 | 11.5% 2,637 | 12.3% 3,084 | 14.5% 2,963 | 14.7%

e 979 4.2% | 1,104 5.0% | 1,442 6.8% | 1,258 5.9% 951 4.7%

k¥ 11,054 | 47.5% | 11,016 | 49.6% | 11,043 | 51.7% | 11,263 | 52.9% | 11,419 | 56.5%

0 5E - TE % 3,956 | 17.0% | 3,790 | 17.0% | 3,710 | 17.4% | 3,568 | 16.8% | 3,577 | 17.7%

P — b 2% 3,672 | 15.8% | 3,847 | 17.3% | 3,892 | 18.2% | 4,347 | 20.4% | 4,496 | 22.2%

NI 1,887 8.1% | 1,898 8.6% | 1,956 9.2% | 2,020 9.5% | 2,046 | 10.1%

Z D th 1,539 6.6% | 1,481 6.7% | 1,485 6.9% | 1,328 6.2% | 1,300 6.4%

Sy FH AR RE O JE ¥ 7 0.0% 13 0.1% 3 0.0% 10 0.0% 3 0.0%

) TR R FEd CFR 18 4)

K 4.2-7T BREBEFINAEER - REBEROHRE (HBEIEKX)
LEVARELY 5 Sl aNE .y I N

. ERE o JE 2 B A 78
MR | AER | AR | JREG | REE | REHE | RERE | AEE | AR | RESR
PRY 11 AR 1,918 332 548 351 3,026 1,937 726 1,206 10,509 7,022
12 4 2,299 430 634 423 3,507 1,761 766 1,222 9,329 5,318
13 4 1,716 607 633 464 3,242 1,496 871 1,098 9,339 4,086
14 ¢ 1,621 1,000 573 424 2,516 1,167 658 865 9,096 4,761
15 4 1,830 922 585 424 2,559 1,283 654 865 9,500 5,482
. [ K Dl D& " H 2R Z Ot
WO R | MR | OERE | B | ER | OB | R | RER | R | REH
RR 11 AR 1,410 1,366 2,287 2,148 706 814 1,368 244 1,732 1,141
12 4 2,171 1,643 1,485 1,529 724 893 962 157 1,436 1,100
13 4 2,237 1,652 2,752 1,734 655 835 1,029 150 1,278 933
14 4 1,642 1,226 2,083 1,510 671 936 823 123 1,512 1,144
15 4 1,510 1,165 1,756 1,434 642 829 1,222 180 2,146 1,467
& @
j:':“
W R | e
PRI | 24,230 16,561
12 4% 23,313 14,476
13 4F 23,752 13,055
14 4 21,195 13,066
15 4 22,404 14,051

) TR BROK PE A

-103 -



* 428 WBEBMEENNER - WEHEOHER

B NHEE=FY (HEEROR kg), WHEH=T M
. N ESAN Z O > faFE S HIERH
I RE R | INRERH | ICRHER | IUHEZE | IURER | INHEZH | IR | IUHEZE | IUHER | INHEAH
P 114 1,124 1,792 1,456 1,019 148 257 5,014 6,188 397 710
12 4F 819 1,540 1,789 1,209 198 396 5,407 5,350 540 439
183 4F 1,318 1,187 969 853 201 337 4,762 3,340 512 346
14 4F 1,007 906 534 429 166 430 3,538 3,471 335 234
15 4F 1,118 853 460 254 464 603 4,478 3,348 185 127
. oo HE D V) JH fih g H ZOAMOTRE I & &
I FE R | ICHERR | OUMEE | UHEAE IV HE H I HE B | AR
FRL 114 40 20 34 9 78 8,213 10,073
12 4% 50 21 44 10 45 8,847 9,010
13 4F 36 14 33 8 34 7,831 6,119
14 4F 48 173 12 11 37 5,640 5,691
15 4 43 31 67 13 25 6,815 5,254
) TR AR OK PE HE L
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@B

JEs - BEK - XALICHERBOEL 2B ABEFEZA L TVWD ZEXHEL OE
BB N SN2, £, TV T U0E00 21T 0D LT HRITEN S HE
EFLANCFORAMBERET, EE, FEEZTNLIBAFTHATE TS, 1975
ATHK 31 TN UERE) o @Blrgix, 1999 £121% 50 F Az x ., 2005 4
WK 70 T ABRRE LA THD (K 4.2-5),

TR 18 DB EHIZONWTH D L JE~HE L CIT AT 8.9% (2.7 11 A)
WlipoTkBY, BIRY - ENHTIE, AR FEEAATFEL 2.1% (0.4 5 A)
B, EIREENR 4.6% (2.3 FAN) HElhoTnad (£ 4.2-9), k., BOLHE
FIZOWTIT, SET4EL 1.2% 80 102 EH 2> TS (£ 4.2-10),

AEANBERFICOWTIE, K 1ITHEICBW T, MEiFEL 17.0%8 0 6775 3 T
AN UEABREFEZIL 3155 FAN) Lo TWnWb, 728, Fk 17 F DS E A
BAEIETHHEERISOBNKETHY . FA T O/ — Wb & B 72255 %
WEIORELE IR TWVWD (£ 4.2-11),

AN
100

80

60

40

20 | |

0 . .

1975 1980 1985 1990 1995 2000 2005

s
M) TR B S BRI AR SR X0 Ek
X 4.2-5 NEZVHNI2BRREHOKER

- 105 -



#z 4.2°9 BIXEFEOHB (HNR)
(Bl & #50) (BEAL: AL %)
TRk 16 4
X 47 Him v | mHA% ST Tk 1w | E| FE Y| Bt & | 15 FEm | §i 4F
= | MEETEK eSS | 15\ | E=e g ke
P~ hil 165,062 532,261 356,090 176,171 2.02 697,323 714,284 A2.4
W R | 17,798,536 | 11,336,002 6,900,113 | 4,435,889 1.56 | 29,134,538 | 80,482,644 Ad4
SRS 17 4F
Hifmbv| 508 % SEAE 1w % F V| B ot ®| 16 | mi F
% | HEMTEE S | 15\ | it £5 # e
189,471 507,850 339,877 167,973 2.02 697,321 697,323 A0.0
17,876,850 11,020,751 6,775,187 4,245,564 1.60 28,897,601 28,208,130 2.4
SR 18 4E
Hifwm v | BmH% ST 7 m % | F Bl B oot g\ 17 F& | B F
x® | IEWTEEK S | 59 K| | % * ke
193,437 530,982 362,192 168,790 2.15 724,419 697,321 3.9
17,778,715 11,127,760 6,853,259 4,274,501 1.60 28,906,475 28,900,152 0.0
(Bl & FEH) (BEAL: AL %)
N2 7 16
% 4 - Rk ie
ot & RAR A& Bl ' EK 15 FEE K [FIK:=N="
pozEat] 63,708 59,046 218,479 341,233 333,735 2.2
& IR I G 2,882,157 7,105,226 | 12,247,042 | 22,234,425 | 22,996,052 A3.3
ERk 17 4E
ot & RA%E B4 % Bl R EK 16 F E 74 b
67,517 66,122 223,805 357,444 341,233 4.8
3,087,195 6,590,838 | 12,444,381 | 22,122,414 | 21,452,173 3.1
TRk 18 4E
ot & BA%E B4 % BNEES | 17T FEH> 74 b
55,242 54,561 252,424 362,227 357,444 1.3
3,097,665 6,311,403 | 12,644,148 | 22,053,216 | 22,222,926 A0.8

*

P17 FIEH ) KON T17 5%

o, RTPFOFEHBEBOMHIITILLTDO LB,

Bl % I S
(Bt &It 40

BoeEFEH (AR EL + (HREREK

) TR e BB e R ) IR i R R R ZE T R R

(15 1A %5 4 i 75 %)

(18 1 % 32 %%
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F. R d. MR, MBS ER

+ (HJm 0 &%)
EIHELEMHAES : BHEZHEIBAEOMEALOEI &L L TOARELK
+ (3 15 10 £0)

BMEFER  MPLERCELL T, FHBICHEN LR O
IEfE A K fE TR B % O IE 1E TR 3K

n

n

E % O HE

NAWEHNTBEEOWMERKOAR L LTOANREH,
(15 18 % 3 i 75 %0

(M%) + (RA%) + (BH4%K)




£ 4.2-10 BIXHEEBHEOHR

(B . TH)
Fhk 17 4
Aifo & 18 1 %
22 i R B £ pE AR A %A (A) CREE: ¢ 28
%t 5 1,859,089 401,868 590,392 2,851,349 | 2,118,793 | 2,199,498
£ Ig 55 33,664,112 38,915,867 32,881,804 105,461,783 67,318,286 33,915,884
TRk 17 &
i i — LTREH | emar | stuiek
KA +pE R 15 90 & &1 (B) (A)+ (B)
2,223,875 651,567 7,193,733 10,045,082 10,462,736 A 4.0
29,925,320 | 11,955,096 | 143,114,586 | 248,576,369 | 248,399,600 0.1
Rk 18 4
RS CGREES
A2 R IR K T FE AR A& & & (A) (R A3
1,596,436 489,396 644,339 2,730,171 | 2,322,737 | 2,497,739
33,678,925 40,469,701 32,963,442 107,112,068 69,880,256 35,351,798
Tk 18 4
(CRIk — BEEH | eaate | e
RO R +pE R 15 90 & &1 (B) (A)+ (B)
2,060,741 559,032 7,440,249 10,170,420 10,045,082 1.2
29,814,210 | 11,900,671 | 146,946,935 | 254,059,003 | 248,692,587 2.2
LTITAERR R, RBGTH., WEW. EEKT FEE®%R O KM
) TR IR B R R R R R R AR TR B R AR
£ 4.2-11 SNEABREOHE
k16 4F Rk 17 4
S BRE | pgmy | HE L ERE | TE
. HE i AE B £ K JE ¥ 1E 2K
5 iy IR G 251,861 323,362 575,223 315,113 357,648 672,761
kIS T 17,105 23,433 40,538 27,772 33,813 61,585
B 0 0 0 0 0 0
K 8 8 16 0 0 0
i [E] 17,054 23,382 40,436 27,772 33,813 61,585
I [F] 0 0 0 0 0 0
tE 0 0 0 0 0 0
& v 0 0 0 0 0 0
KA 2 2 4 0 0 0
D 41 41 82 0 0 0
) TR e LB OG HE B ) R e IR R B ZE TG 5 R B AR
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MEO L8 (Lo BH), A X FPOMEZLUTICRT, Z0OX9
. ABICEBLBECODVWEBLEROE L FEL, S, BOEPRARY

X&;Eigu3&@i%ﬁﬁ@ﬁ&@@&ihéxgﬁiﬁg%ﬁ&iigx
W3, Zokd, WREOEBREERD KEOES ZHOFEE, BHE LTo
AA=DH IO/ PRACKEZBMETHY, LD, EREED S
EOBEBRYOEF T, WRAMICEST 2 LREMOENLHBICEBRRETH D L
Bons,

MEOELZB M (WD OB K H)
> EZHE

T ERET O ATCICHE L2®B¥%, ICmn»ro THRERT b, MERMTT L
TWiikFEEE, E¥PROoOGAKXOFHEFELEROBF LS, BREZ AN E L
TAEOF 2 EN D THEENRRBZTER L T D,
> i (9780 0) ONE, WO

LEOWFFIZY DN SHERIBEADPL LET AT I v 7RI BOK
HADBORLSELINERL TEIORBEEKL TS,
> Y~

KW - HAHE OB 72 LI 2E S 1.bm T EOMEROAADOE, HIE 6
AWITORICZOBEOHEA CHRIEZAVITONLDL, “V I/~ OFEFIILT LS
e CiZ2nwn, oK) &2 o] &R T 0T, AREBEE2HLITEN, B
FEEBFOBEBRNCOBEREZFSDLDERS>TND ENIH,
>

N NEICENSEE, PR MBEO 20 BERHBLTHEE VWY, =
DHILERLRERBENMEE T, BXTI2RHEMTIEEKR OMEEFK) Lo T
WD, FIREMEIRICE D D4 BICE 2 DN SRBUXLAN T, [ E IR H 8O &)
DIEEIITHEETH D,
> MEZHE (bloHk) #ith

MR ZINEZ MU BEOME SN D, Wil R ICITHEBOE < £ THANES.
ZTOHIFEFTLHEBAIE D, BHICESDD EOHRIOBEBB-CM R, T2k
W, RERELAOBEREORTLZ W, KEBEFICZSDERHY, Zh iR
A LB L, FaiOEMNEERERAOEE (HE) Thd, £, BEOIITICAH
Wy, TANEEZHOEE (HE) L3hTwd, 20 X512, LA LM
T WESREHEERD, ROEERLEEORBLEL, TP EEKERE
BREZNICIERRHEFHOFERD 72, AEBEROZHEEI WO Z &, BEL2E
FHNOBZHEENZ N D,
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> {EEH A AL

W EZ@mOMmE L TESbNTZHEICE M, SIfE@E#E T2 ETHY
R OWEEEE LT WbilTWD,
> RE (DZbx) A&

RERBEIZLS> THEIISRICOBMLEZER, KEPDLOEE 40m B2 5
ERZARBEOMEBET, BETOKES 40m H YV | FIZKEADRERY, NATEN
D Fr D T2 KO D A A ARE L TR RIS RO AEBD T D, F, K
EOL (e EBE) 2Bk D Z LR TE D,
> I (FAEE) B

BYE 33 4F, AARMEESNEMOBEYE L LCATIICHIE LS, KRS
BN TZIR WG B OBk XA,
> JCE

TCE DM & T o Te T, 1274 4 (S0K 11 4R) . Z oMl —w & Z ol (Oo)
DEB 900 ENE o o, ) EOSFHEAN - FIENIT 80 REF A R W TIRER L 7228,
BEAZIZUODEENZ Z TR BREICLEE Wb D, #BDIZ T/ % H &L
BToHN, WEALBRIZEK-TZFEOZERES LN TV S,
> TR (Do X&)

it F fie VH B U (S AL T D T IR X, o B R VE K GE & UK GE AN BE T D w0 7K
LT, AELRLTIIOROEME RO 2R L TWnD,

ANV b
> T U T UESY

1988 =700 b fE4E 8 A D5 — T A IR i X 2 A 0 x5 & L TP
ENDABREANOELEY  LF R RICHEEE 2 O IRE SN REEH M TH 5
BERIEMHEOITH 2 BB LTV 5, 500 Ab DA~ NEEGEED X SRR 2K
EHICOT, BT Y ARV Y SR EOEBICADE, TN ERY S T
DOEFEICIE., BEOBBHMN LG, FEELSBVCRHREOBREZEH TS, HEO
EWOBE LT, 2, HENEESMoTHHIHE LT, KX RRHERE
LTWa,
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e 21 ibe

DN, FOW R db

M (eSSt an

L) BT IR H&ERT (CFAk 18 4)
RS EkR v & (http://www.nagasaki-tabinet.com/)

B 4.2-6(1) B DEDEM
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P 77 B

o

Il

M) TR THTEAEE ) R & (CFERL 18 4)
eNEEfRr > b (http//’www.nagasaki-tabinet.com/)

X 4.2-6(2) XEBEDOE-D5EH
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@ ¥ J7 A1) H

a. WL JVE

— Mz, WITHBICNCTREEMR., LEM, BEH., vV —FREhdon
DR, RELIFTEEZ@EFREOEBE (B 25 4 5 A 31 AERHE 218
EOKWB L, BHRKEERETIE ORI (B 25 4 5 A 2 AERESE 137 %) I
Ao LlcRENnd,

ZoOb B LIE T2 ) - EYREON LAZEEEARETE DS L oM
AR, IRE OB K OEY O R EAT O T2 O IR S du 7o K 8 B OV B 8k il 5%
DHRHTHY ., HESHICIS U EKBIC L > T EEERE, EEEE, %
. 56 B BB XIOE D O R WEE T, IEIEE 56 512D X HaE M R
FRKEZAE LEE), BEEBLIZST N TN D,

— . Mk LT, RAIT AL o R & 72 2 7Kk K OV 30 OV i 3% o
BEKRTH> T, TOFMHEMPHIZ K> TH 1~ 4 flEE, KOFESR 3 fHik
WIZaTohTng,

RBITIE, £ 4.2-12 K OFE 4.2-13 2R T B0, EEEECHIMFEEL 9
OOMGEE, T LTE3DORENRDLY ., 205 b, BEELLHBEEICIZ, B
(B PR, W) RSl LLElET ) — - HHEMABmML., NI - B0
M TREREHZRZLTWD, 72, MEIZE, £, EEORL L 2/ 5
EEA B ERM L TV D,
> kR

MEBOMEREICEST S EE (it )

VS (BEFn 26 9 AEE), U T A
XDOANVILHIEZF]H L2 T,
KE O R LR R &E 2R/ o, Rm &
DB A& VE G MO T DA
VAL & 2 Bi R HE X & | ek X oD
ANV B4 LT E 5 Mo
N ADILIZH D5 AHHX G 7
2 6

) Iz

M) 7228 S EIF— & NAVI
(http://www.nagasaki-port.go.jp)

*

CBUEO NBRERGEHEE. TREE 3, ThRBREBHMEIE LHAash T, TR 144481
A&y TRRERSEMEMEIEE L LTHITEATWD,
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F 4.2-12 XEBoOE®E

X 5y PR 4 FIT 1£ Hh
EEEE (1) | R xf K i ek LT
5 (9) | /% B xf K i ek LT
(R85 xf K T 38 HE S T
=L ¥ I TR R T
B *f B T B R T
e & it & T e |
JiE 5 xS B R T
= 7 RS T b R FIEWE [ o RIE IR K
e 28 4 vk xf B b T REHTHED
He R vk HEH FER G HEVE TS DU O WS
I 18 E it it
(m) & & (m) #iE £ (m) 7K % (m)
Jere JERL Pk 2.7 100 1,700 | - 8.0 ~ -30.0
/N7 2.8 20~ 30 524 - 3.0
T 3.0 50 3,900 - 4.0 ~ -8.0
1A P 3.0
CRGR
g & 2.7
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51 MBOES ZHRI (BE)

ASREBEMBEZIT oL RIFEASELOMMERAESICBT2EE ZHDORHBE LT,
OEETLHIZIHOEDZ I L QNERILOEENEN L. BNHITOND, T2,
WORNALEEFOKEBET, BOPTH, E—HABDLNLIIFZEREOZANPEET D
i) & TIELAETHNEE LRV EBRFEEL, EVDT., RED ZHDE
ETHHIBETIE, o TbRoTLH R TAHANEETHIRICHEEREL T D,

UTICHERCAEBICBITO2EEZHDRRICONVTOE LD ERT,

(%F 55 )

> BARBOAD., FEWROBKICAMET 24K OMWFEITIT. KEDO AR
FENWTWD (REEHOK 44 F(E&EL)),

> BEIHORENTTIAFT v 7EHEFBAAT v —LVET, 20O —HIix, ML
Rk L, FIRERER L OICL TS (K 5.1-1),

> HEBSLOE ARG (ERETEY 20.6%). &0 b HEEMNZRTS b bH -
T, @E-LHER, fE - B EREZEXLND ZHOEERE W,

> VEEOFBRVHE, Tk, BRATF o — LR PBRWEMO LN %O NS
WWETRERITINATND

> RVWRHEIZAHAORI N TS, THBNBRICHBE L TW LGS —H ik TAH
bz (K 5.1-1), ZOXIRGHTIX, ROESLEZAHAMEFIETIE, 20
FEREREAMET LI EDPRETH D,

501 MM<EEALL. $RLERMAFD 1 (HE)
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(F 4 5)

» AEFRK., REOZHBPWNELS D, MMTAR T 7 4 TIZXK 2 EHHRIER O
b Ho T, MEICZANEEINTZHRIL RV,

> BEEIHLORPETIAF v 7HERWATr—LEThHo N, HEDOLD
WCHE <R b L7 b o e wvy (K 5.1-2),

> SNERZAZOFHEREL (ERIETEE 33.9%), Lvbif, 9E - BBER L
BEZoNDTHDOEENEN,
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52 BES D ZHHEERE (BHE)

WEZHAOMBEX, EEARORLLA (RE) OBEIICEPYERIVERT VA, B
FICF, ZOHFIEFZTEICKATHD, £ TAHEL, XU RBREEEIEKLD [T
THOEEZE (Impacts of Marine Litter) | 22 % & Lo, I A HEO IR
LR L, EHE VIR ToOERILEZ R AT,

ZORR, HBICBT L —FROMHEIAFEEINIEMNLERARFE I, LarL,
COEBEIIHL T THEECHRERAEL T EEEREOAREZF LELLELOTHY .,
MM fToNRT, BEICKEINTEZETEIOEEZHLOWE - 3o dEH (4E
ORETITIBEMNLEEHIAL) 280N0IE, ZORITEIHITHKRT 5,

BfE, WP EOERTIE., BE~DOEEY (BEEIH) T THREDLEE (BED
DO CVERICEAT 2ER) ] ICESW T, MAE WD BIEERN Z v BT - 0L
HIo28BZzA>I LN, Z<OMBFBIRENZOMEICEHZMD TWDH, &V
by, #meif - M LOECLEHSICEW T, 2H LEBEIAEESSOMEICY
ZHA N7 NEZHERTHD, LT, 2O THADREBEENHKS LOE L. A
GBREOEAICHE I B, E0nRBEBRSE - B A LB L LB EEICD
HEENELLIBRNNHDL LD, SBRILBRIBEEOIMRG TFTHIN, HORK
HEHXZTCVWOHMBEZROINTHEBICETZOREN KT I2HEELHDL, 29 LE
ZEDb, BERBICBTLER ZHMBEIL, AXEMEICLE > TORAN O EKRZRHRBE
D—DZlhh-oTETWDLEEZLND,

—J7. MEAE 4 A BT TEEBEELEG) ICESSHREREE LT, BERED
e R TNEBRORGHER), THBEOMRE] REZEVAALEL THERERE (OF
R 19 4 4 A 27 BIE#RE 33 5)] 2AMm., R4ETH 20 A LV EfT L7z, £, ¥
A 20 4F 3 A 18 HICIE, RENBIT S 6 SOEAHE L 12 O EAMNME K 2 B8 L
7o TWEVERARGIE] ZREL, ZOH T, Eik - EAZHBBEICHT 2H MBI
WTH, BUfE L THRENDFTEICHKRZHEL TWSZ xR LTWVD,

ARIOFEMRDL, SBRBNENESE ZHAMREZERT DI2H 7> THMEAOESE
EREMEEZHW T 500 LB RER L RAITENTD D,
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# 2-1 100m2b7-V DEEYOY THIEHMEE (BN - BHAOEHE)

HAAL : fE#/100m?

. 2003 4 2004 4 2005 4
]l 1 4k = i 4% [ it Sh
A 1,667  (99.6%) 6 (0.4%) 1,918  (99.5%) 9 (0.5%) 1,233 (96.0%) 51 (4.0%)
B 775  (99.5%) 2 (0.3%) 571  (99.6%) 2 (0.4%) 358  (99.2%) 3 (0.8%)
C 441 (99.8%) 1 (0.2%) 392 (99.6%) 1 (0.4%) 318  (99.1%) 3 (0.9%)
D 312 (99.6%) 1 (0.4%) 433 (99.7%) 1 (0.3%) 239  (99.6%) 1 (0.4%)
E 16 (100%) 0 (0.0%) 186  (99.2%) 2 (0.8%) 59  (99.3%) + (+)
F 28  (52.2%) 25  (47.8%) 41 (63.7%) 23 (36.3%) 96  (99.0%) 1 (1.0%)
G 40 (100%) 0 (0.0%) 18 (100%) 0 (0.0%) 22 (100%) 0 (0.0%)
H 36  (98.6%) 1 (1.4%) 101 (99.8%) + (0.2%) 16 (100%) 0 (0.0%)
I 139 (99.9%) + (0.1%) 166  (99.9%) + (0.1%) 128  (99.9%) + (+)
J 737 (100%) + (+)
T8 423 (99.0%) 4 (1.0%) 399  (99.1%) 4 (0.9%) 364  (98.4%) 6 (1.6%)
Higt) NPEC il o @Ayl & s i ) kv fEk
£ 22 10m2b72VOEEHOY THIEHERE (BN - #BIOEE)
HAL : g/100m?2
N 2003 “F 2004 4 2005 4
[H i 4k Elg) i S+ [ P i Hb
A 3,826.9 (95.0%) 202.6 (5.0%) | 13,794.2 (89.0%) 1,703.0 (11.0%) 8,011.2 (90.2%) 865.8 (9.8%)
B 1,940.5 (98.3%) 32.6 (1.7%) 1,435.0 (98.8%) 17.7 (1.2%) 1,377.0 (90.4%) 145.7 (9.6%)
C 1,828.6 (99.0%) 17.6 (1.0%) 1,925.2 (96.8%) 64.1 (3.2%) 4,197.9 (94.5%) 245.6 (5.5%)
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J 6,291.8  (99.6%) 23.8 (0.4%)
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Foreword

The Marine Pollution Monitoring Management
Group (MPMMG) was set up in 1974 by the
Department of the Environment (DoE). It provides a
management group with representation from all
Government organisations with statutory marine
environmental protection monitoring obligations.
The Group is chaired by a representative from the
Centre for Environment, Fisheries and Aquaculture
(CEFAS). 1Its aim is to ensure that
monitoring of the marine environment is conducted

Science

in a co-ordinated way, is as cost-effective as
possible and meets national and international
requirements.

MPMMG involves wider consultation on specific
issues via a number of task teams. In this case, the
Marine Litter Working Group was asked to provide
information on the extent of problems posed by litter
and make recommendations on ways to improve the
situation in UK coastal waters.

In order to gather the information for this review the
authors have consulted widely and this has
inevitably led to a fairly protracted timetable for
publication. Meanwhile, changes to the sponsoring
Department now the Department for Environment,
Food and Rural Affairs (DEFRA) and new initiatives
on the horizon in European legislation e.g. the
implementation of the Water Framework Directive
(WFD) are prompting MPMMG to re-think strategies
for monitoring. The net result is that this is a time of
fast moving changes to the way in which we will be
delivering the MPMMG remit. This report provides a
wealth of background data on litter and as such
stands alone in it’s own right as a publishable
document. However, we are now well on the way to
answering some of the questions raised in the report,
tackling issues on co-ordination and starting to
develop methodologies for integrated monitoring and
reporting of results.

An update on this report is already in hand and
monitoring litter will be a key component in the
revised MPMMG strategy to be published in 2003.

Dr M Waldock
Chairman, Marine Pollution Monitoring
Management Group

FF 3C

MG E =420 v 7 EFEH TV — 7 (the
Marine Pollution Monitoring Management Group,
it : MPMMG)IZ. 1974 212 A ¥ U 2 B 4 (DoE)
LoTHRIZLINT, ZHiE. H 5D BUN MK
LOMRKRETHEINTED EFITL > TRE
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(CEFAS)DRENBE O TWDH, Z OO B mIL,
MO ENTWBEREE=4Y 72175 2 L,
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The Impacts of Marine Litter
1.0 Introduction
Commitments to the principles of sustainability have

been undertaken in the UK through
initiatives such as, Government commitment to the

various

Sustainable Development Convention and Agenda 21
(cf This Common Inheritance, Governments first
environmental White Paper), the "Earth Summit" in
Rio de Janeiro, 1992 and the United Kingdom's
Darwin Initiative (HMSO, 1992). Effective pollution
controls are a part of delivering sustainability.

A simple dictionary definition of litter makes use of
phrases like “rubbish, small refuse, discarded waste
materials, anything thrown away”. The question
remains: can litter be regarded as pollution? The
Oslo and Paris Commissions (OSPAR) defined the
term ‘pollution’, as meaning “...the introduction by
man, directly or indirectly, of substances or energy
into the maritime area which results, or is likely to
result in: -

»  hazards to human health,

» harm to living resources and marine

ecosystems,

» damage to amenities,
» or interference with other legitimate uses of

the sea” (OSPAR, 1993).

It is clear that litter must be regarded as pollution,
since there are examples of litter resulting in all the
criteria detailed in the OSPAR definition above.

It is often erroneously assumed that much of the
litter in British waters arises from foreign sources or
from shipping. Similarly, other European nations
regard the sources of marine litter affecting their
territorial waters as foreign. However, it is clear that
the sources of litter are diffuse and lie outside of the
control of any one agency. It is also clear that the
current lack of understanding of litter in the marine
environment, contributes to a continued lack of
co-ordination and impetus to organise a coherent
strategy to deal with the issue.

The purpose of the Marine Litter Task Team
(MaLiTT) is to report to the Marine Pollution
Monitoring Management Group (MPMMG) on the
status of litter in the marine environment, its impacts
on different sectors of industry and the community,
and to make recommendations for appropriate further
actions. Its objectives are:
1. To evaluate the extent of litter in the marine
environment;
2. To quantify, where possible in economic terms,
the impact of litter on UK interests;

MEZHDOREXE
1.0 FC®HIK

AXY XA TIEF R ATREME & VO HAl~D R Y

BB, SEFIERTHERZBLCARINLTWVWS,
Bl 20X, EEERAREZBEBICET A AN
HEL TV 24 XY RABIFNO TEREEAE)
L), VA T - Vx4 THRHESN TH
BKY I v b VI9NRFEASAFYVRATOI X —7 42 -
A= T7T 4 7CEEEESSHRB 1992) 1253 5
BFOBEERET oD, (FREERZHENICTIT
YT EE., RO ERIZAATRTH 5,

[ZHJIZHDNT, FEICLZ2ERZICITWVWT
b KT NI REY. B TONTEEM. &
ThHhlenWhed2W] EWIHIFEMARELATWVWDS,
[ZRIZVEREE 20N 2 1 &0 ) 8MAEET
L, A RAwv - NYEKOSPAR)TIE, M54 &
WO EELEZ - AOFIZLY, BEEELITME
M. MERLT R AL —RNEERICEASH, &
DEORERES TR T, ELITF O REMEN
HHZ L] EEELTWVD,
> AR~
> EBERSWMHELEAER~OFE

> RERRE~OF A -V
> WPFEOAREWIER O (FAwr - R0 4%
%9, 1993)

InNeoF A - RUERNIZHIDERDFERE
TARTBEEZFT D, THITHERERRT
RELOTHAZLIIHLENTH B,
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3. To seek to identify options for controlling litter,
where possible recommending a national agency
who should take the lead on key issues; and

4. To raise awareness of the problem of litter.

2.0 Litter in the Marine Environment

To determine the impacts of litter in the marine
environment, it is necessary to consider its
behaviour and identify the types of litter known to be
present in the sea as well as the quantities in which
they occur. Many survey schemes are already in
place (see Appendix A), providing the only currently
available data upon which the conclusions of the
report will be based.

2.1 Types and Quantities of Marine Litter

The following list represents the main types of litter
found in the marine environment:

» Plastics (fragments, sheets, bags, containers)

* Polystyrene (cups, packaging, buoys)

* Rubber (gloves, boots, tyres)

* Wood (construction timbers, pallets, fragments

of both)

* Metals (drink cans, oil drums, aerosol containers,

scrap)

* Sanitary or sewage related debris (tampons,

condoms, faeces)

* Paper and cardboard

* Cloth (clothing, furnishings, shoes)

» Glass (bottles, light bulbs)

* Pottery/Ceramic

* Munitions (phosphorus flares)
[*NB: oil is not discussed in any detail since it is
covered by other provisions and therefore, for the
purpose of this report is not considered to be litter].

Taking a world view, plastics have been shown to be
the predominant type of litter found in the marine
environment, for example: the Mediterranean
coastline (Gabrielides et al., 1991); 40 miles S.W. of
Malta in the Mediterranean (60-70%) (Morris, 1980);
Central North Pacific (>50%)(Venrick et al., 1973);
the North Sea (Dixon & Dixon, 1983); the North
Pacific (86%)(Dahlberg & Day, 1985); the North
Atlantic (60%)(Colton et al., 1974); N.W. Jakarta
(90%) (Willoughby, 1986); beaches in N. France and
Denmark (44%)(Dixon & Dixon, 1981); the coasts of
Honduras (Cruz & Sosa, 1990); UK beaches 56%
(Marine Society, 1999). This
prevalence coincides with a dramatic increase in the

Conservation

production of plastic. Total plastic production in the
United States increased from 2.9 million tons in
1960 to 47.9 million tons in 1985 (Robards et al,
1997).
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Pacific(86%)(Dahlberg & Day, 1985); the North
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2.2 The Behaviour of Marine Litter

Marine litter originates from many different sources,
circulates through a range of pathways, and
accumulates at various locations known as litter
sinks.

2.2.1 Sources

The sources of marine litter include offshore marine,
riverine and coastal. This section does not seek to
identify litter sources at a national level, rather to
identify the types of structures and activities that
generate marine litter.

The major sources include:

* Sewage treatment works (STWs)
+ Dereliction (piers, wrecks, etc)
+ Combined sewer overflows (CSOs)
+ Agricultural waste

+ Other industrial discharges

* The fishing industry

+ Urban runoff

 Fly tipping

+ Shipping

+ Aquaculture

+ Oil rigs

* Municipal waste

* Ministry of Defence munitions

* Recreational & leisure usage

At the global scale, Faris & Hart (1994) report that
nearly 80% of the world's marine debris is thought to
have originated from land sources. The Marine
Conservation Society (MCS) produces an annual
Beachwatch report, which attempts to source beach
litter collected by volunteers. In recent years tourism,
fishing and sewage related debris have consistently
been identified as contributing the greatest
proportion of litter, regardless of geographical
location (approximately 36%, 13% and 10%
respectively) (1999). However, it is worth noting
that the single largest proportion of litter each year
is that which cannot be sourced (over 38%).

2.2.2 Pathways

Once in the sea, the pathways through which litter
items circulate depend upon the nature of the litter
item. The influences of wind, tide and current have,
for example, different effects upon the circulation of
floating litter as compared to items that sink.
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Oceanic Drift

Extensive oceanic drift has been demonstrated by the
occurrence of coded and dated multicoloured plastic
tags from Canadian lobster and crab fishing
activities, which have been recorded on the west and
north coasts of Ireland. Each tag has a unique serial
number imprinted on it, which may be traced back to
an individual fisherman. The loss of tags is
presumably through storm damage or careless
handling. They present an aesthetic problem as
marine litter, but also act as indicators of large scale
oceanic transport systems. This work is being
co-ordinated in Ireland by The Marine Institute, and
Agency of the Department of the Marine (Republic
of Ireland) Fisheries Research Centre, Abbotstown,
Dublin, (Dr Dan Minchin, personal communication).
Canadian tags and Canadian outboard motor oil
bottles have also been found on many English, Welsh
and Scottish west and south facing beaches (Trevor
Dixon, personal communication). There are many
other forms of sourceable litter such as dairy
produce cartons, fertilizer bags and fish boxes.
However, conclusions concerning the origin of any
litter item should be weighed up carefully. Sections
2.2.3 and 2.3 consider in more detail the problems
associated with accurately sourcing litter.

Coastal "Cells"

Research by HR Wallingford (1993) suggested that
the coastline of England and Wales can be divided
into 11 major sediment “cells”. Further recent
research (HR Wallingford, 1997) has also shown that
the coastline of Scotland can be divided into 11
major sediment cells. A sediment cell is defined as a
length of coastline which is relatively self-contained
as far as the movement of sand and shingle is
concerned and where interruption of such movement
should not have a significant effect upon adjacent
sediment cells. It is probable that litter will tend to
circulate in these cells. MAFF (1995) suggested that
these cells provide logical geographical boundaries
defining Shoreline Management Plans, although
acknowledging that sub-cells may be more practical
management units. This emphasises the difficulty of
litter =~ management  within political
boundaries.
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A study in Biscayne Bay, Florida, on exposure
conditions suggested that the most commonly found
plastic debris items undergo bio-fouling to an extent
which can cause the items to become negatively
buoyant (Song & Andrady, 1991). Rapid defouling of
the submerged samples was also observed, leading to
the conclusion that free-floating plastics at sea may,
under certain conditions, undergo fouling-induced
sinking followed by resurfacing as floating debris.

2.2.3 Sinks

Litter sinks include beaches (e.g. burial of litter in
dunes) and offshore deposits of material, generally
on the sea bed (Williams et al., 1993). These sinks
may or may not be permanent. Consequently beach
clearance operations, such as the removal of litter at
a temporary sink, may in the long term be ineffective
as the beach is replenished periodically from
offshore sinks.

The summary record of the October 1995 meeting in
Stockholm of the OSPAR 3rd tier Working Group on
Impacts on the Marine Environment, noted that
approximately 20,000 tonnes of waste are discarded
into the North Sea each year (IMPACT, 1995).
Furthermore, it is estimated that 15% of this waste
remains in the water, 70% on the seabed and 15% on
the shore.

Persistence of Litter

There is evidence that litter may circulate for a long
time in the marine environment. The persistence of
litter items also influences their impact; plastics in
particular are highly persistent and so will tend to
travel long distances through marine pathways and to
accumulate in sinks. UNEP (1990) estimate that an
aluminium drinks can may persist for 200-500 years
in the marine environment, a plastic bottle for 450
years, and a bus ticket two to four weeks. These
studies take no account of the harsh mechanical
environment of the sea, and may be regarded as
worst case estimates. Taking account of the complex
and harsh conditions found in the open sea, a plastic
bottle is more likely to persist for considerably less
time. The Tidy Britain Group quote evidence
suggesting that for items of litter recovered from the
shores of western Europe those specimens, for which
a life history could be identified, were usually less
than 3 years old. However, there have also been
instances where plastic bottles have been found
which were over 40 years old (Trevor Dixon, Tidy
Britain Group, personal communication).
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It should be noted that in addition to litter items
undergoing disintegration into smaller pieces, some
items (for example, plastics) might also be degraded
into alternative substances, which may or may not
additional problems. The
plastic litter
investigation (see
information).

mechanical
further
further

cause
breakdown of merits

section 3.1.6 for

2.3 Monitoring Marine Litter

Appendix A provides a summary of litter surveys and
initiatives that exist to determine the nature and
extent of littering in the marine environment and to
prevent littering through education. These schemes
have widely differing objectives,
frequently poorly defined, but are generally
concerned primarily with beach and estuarine litter.

which are

When measuring litter at any point in the marine
environment, it is important to establish whether the
litter is being measured at a true sink or at an
intermediate point in a pathway. Davenport & Rees
(1993) reported low numbers of marine litter items
collected in 34 out of 46 neuston net samples off
Anglesey, North Wales, and concluded that
legislative attempts to curb disposal of rubbish at sea
were having some effect. However, the samples were
taken over a period of just 3 days with no
comparative surveys and it is likely that litter was
being measured in a pathway rather than a sink.

One must also be wary of attributing blame to any
particular source, as the litter may have been
circulating freely in the environment for some time,
covering large distances. Olin et al (1995) reports
that over 50% of the litter reaching the Swedish West
coast appears to have originated in the United
Kingdom, attributing this to accumulation on the
shore as a result of circulation currents in the North
Sea. In the light of our knowledge of the behaviour
of litter in the marine environment, conclusions
derived by those operating these schemes must be
treated cautiously.

3.0 Quantifying the Impact of Marine Litter

Having examined the findings of existing survey
schemes to determine that a problem exists, it is then
important to quantify the problem and thereby
determine its significance to UK interests.
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An approach similar to that recommended by the
WHO (1990) has been chosen for this report, which
focuses predominantly upon the tangible impacts of
marine litter on different sectors of industrial and
community interest. Where possible, the impacts are
expressed in quantitative terms, ideally expressing
the effects as a monetary value to enable assessment
of the costs and benefits of pollution control action
to UK interests. Placing a monetary value on the
effects of litter is possible for some sectors (for
example, damage to tourist trade, loss of nets by the
fishing industry, etc.) but is more difficult for some
other sectors (notably ecological impacts).

3.1 Ecological Impacts

Litter in the marine environment gives rise to a range
of adverse ecological impacts, including:
entanglement; ingestion; smothering; disturbance
and removal of habitat through beach cleaning
activities; transport of species; and
poisoning by breakdown products.

invasive

3.1.1 Entanglement

The entanglement of marine organisms in litter items
is well documented and widespread. This is an
emotive issue and has been used to discourage
littering in the Maritime and Coast Guard Agency’s
anti-litter campaign, “Sea Sense”. Many types of
litter items can trap animals, whereas smaller items
adhering to body surfaces increase drag, snag on the
sea floor, or inhibit growth or development due to
becoming entwined. At least 135 species of marine
vertebrates and 8 species of marine invertebrates
have been reported entangled in marine litter (Laist,
1997). Some entanglement-related deaths have been
reported for most of these species. In almost all
cases, a direct, absolute measure of the extent to
which entanglement occurs or affects species at the
population level does not exist (Laist, 1997). There
are two main reasons for this. First, most data have
been gathered on beaches where animals haul out,
roost or strand. As a result, records are limited to
animals that survive long enough to swim ashore or
that become entangled close to shore. Second, many
entanglements involve fishing nets and line, and it is
rarely possible to determine if entangled animals
encountered their burden of gear when nets or line
were active or after the gear was lost.
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Canadian research off the Newfoundland coast has
found that ghost netting is a serious problem in deep
still water inlets. Ghost fishing is also seen as a
problem in Australia (Jones, 1995) and in California
(Stewart & Yochem, 1987). This is not believed to
be the case around the energetic UK coastline due to
the tendency for discarded netting to become rolled
up. Nevertheless, there have been cases where exotic
species, such as leatherback turtles, have been
recorded as suffering entanglement round UK waters
(DETR, 1999). It is reported that 90% of the 30,000
gannet nests on Grassholm Island (in the Bristol
Channel) now contain plastic (MCS, 1999). This
indicates the extent of plastic pollution in
surrounding waters as gannets collect almost all
their nest material at sea. Young gannets’ feet can
often become entangled, resulting in serious
injuries.

3.1.2 Ingestion

Ingestion of litter by animals usually occurs when
litter items are mistaken for food, or by secondary
ingestion with prey items. In certain seabirds,
ingested items can be passed from parent to chick by
regurgitation (Fry et al, 1987). The occurrence of
litter ingestion can reach 100% in some seabird
species. Day, (1985) reported that at least 50 species
of seabirds were known to ingest plastic debris,
though this figure is now known to be closer to 111
species (Laist, 1997). Those seabirds which are most
susceptible to ingesting plastic particles are
surface-feeders (albatrosses, shearwaters, petrels,
gulls) or plankton-feeding divers (auklets, puffins)
(Day, 1985). A study carried out by Robards et al/
(1995), of seabirds collected over the period
1988-1990 reports that plastic ingestion by seabirds
has significantly increased since a similar study by
Day (1980) of data collected in 1968. The offending
litter items are almost invariably plastics, which are
ubiquitous in the marine environment deriving from
many sources (Robards et al, 1995). These items can
result in physical damage, mechanical blockage and
impairment of foraging ability (Laist, 1987).
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3.1.3 Smothering

Accumulation of litter in offshore sinks may lead to
the smothering of benthic communities on soft and
hard seabed substrates (Parker, 1990). Once on the
seabed, accumulations may smother sea life, or
inhibit water movement to the extent that they
contribute to the creation of anoxic muds (Rundgren,
1992). When in general circulation in the sea, or
resident in temporary sinks, these litter items may
also smother plants and animals on the sea shore,
provide solid attachment for species that would not
usually occur there, in addition to providing nuclei
for sand dune formation.

3.1.4 Beach Cleaning Activities

Beach Cleaning Activities are far from ecologically
benign and, where regular excessive accumulations
of litter or pressure from recreational and leisure
interests, necessitate routine beach cleaning with
machines, the biota living in or on the beach is
threatened through perturbation of sand and other
soft substrates. This could be avoided by hand
picking of litter items rather than gross removal of
everything. Together with the litter, natural habitats
such as driftwood and seaweed are also removed.
Archaeological damage may also occur. Beach
cleaning is common practice for district councils
reliant upon their tourist industry. Recent surveys
suggest that 43% of UK local authorities clean
beaches manually and 57 % clean using both manual
and mechanical techniques; no authority uses purely
mechanical methods (KIMO, 2000).

There is some concern about the impact of
mechanical cleaning on the stability of beaches
(Peter Hampson, British Resorts Association,
personal  communication). Removal of the
biodegradable material may change the composition
of the beach such that it becomes more susceptible to
wind and wave action. Llewellyn and Shackley
(1996) have shown that there are also some impacts
on strand-line species diversity and abundance as a

result of mechanical beach cleaning.
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3.1.5 Transport of Invasive Species

For a number of organisms floating litter can provide
an opportunity for long distance transport across the
world’s oceans. Although these stowaway organisms
seem to be most common in warm-water regions,
biologically encrusted plastic items have already
been found at sites ranging from the Sub-Antarctic to
the Equator (Gregory et al, 1984; Gregory 1990a,
1990b). Winston et al (1997) give a good review of
the biogeographical, environmental and conservation
issues connected with encrusting marine organisms
and other biota. Compared to the numbers of larvae
dumped into a harbour by discharge of ballast water
(Carlton, 1987; Carlton & Geller, 1993), Winston et
al (1997) conclude that the contribution of floating
plastic to environmental problems associated with
the introduction of aggressive alien taxa is probably
low. However, the authors qualify this conclusion
with the following points:

+ Dispersal by plastic debris is most likely to
affect adjacent coastal regions (for instance,
spread of an exotic species from a site of
introduction like a populated harbour to nearby
islands etc.). Litter can be rapidly dispersed
along a shoreline by currents.

+ The total available habitat is still increasing and
is semi-permanent.

+ More than 200 plants and animals are known
from fouling communities and many of them
have already effected a  cosmopolitan
distribution by travelling on ships. Travel on

organisms rapidly through
environments that are often hostile in terms of
temperature and salinity. Despite this some may
survive. A slow voyage on plastic would give
encrusting biota a much better chance of
survival.

vessels move

Transport of  terrestrial organisms  (plants,
invertebrates and vertebrates) on marine litter may
have significant biological impact (Winston et al,
1997). Certainly a number of studies have shown that
insects, snails, isopods, millipedes and plants can
survive transport, for example, on rafts of vegetation
or logs or both (Heatwole & Levins, 1972; Eno et al.
1997). Rafting long distances may be unlikely for
vertebrates due to the rafts breaking up in bad
weather. However, the local introduction of pests
from populated coasts to nearby islands where
attempts are being made to preserve native biota
should be a cause for concern.
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Cited examples of invasive marine species causing
problems, which have been counted in financial
terms, are not evident. However, it is possible to
look at the potential for damage by considering
freshwater examples such as Dreissena polymorpha,
the freshwater mussel native to the Caspian and
Black Sea. This species was inadvertently introduced
to the Great Lakes, Canada in around 1986, probably
from bilge waters from shipping and has caused
enormous problems. Similarly, in the UK D.
polymorpha has been known to accumulate in such
numbers, that the diameter of an intake pipe from
reservoir to water treatment works was reduced by
more than 80% (Steve O’ Neil, Anglian Water
Services Ltd., personal communication). The costs
associated with shutting off the pipe, effecting
manual clearance and maintaining a clear pipe is
approximately £5,000 per year, though £30,000 was
initially spent over the first three years. Similarly,
the annual cost to send in divers to clear D.
polymorpha from the draw-off shafts in Rutland
Water is approximately £6,000 per year (David
Stretton, Anglian Water Services Ltd.,
communication).

personal

3.1.6 Breakdown of Plastic Products and their
Toxicity

The amount of plastic in the marine environment has
been shown to be greater than previously thought.
Researchers at Newcastle University collected 45
samples of sand from 3 beaches in Northumberland:
all were found to contain microscopic fibres, some
with more than 10,000 fibres per litre of sand
(Thompson & Hoare, 1997). Most of the fibres were
blue or grey and, although the origin had not been
identified, the fibres appeared worn and abraded and
were probably being broken up into even smaller
fragments by sand grains.

Manufacturers have produced plastic wrappings and
bags, which they claim will degrade much more
rapidly than conventional plastics. However, these
materials have been shown simply to lose elasticity
and disintegrate into smaller fragments (Potts et al,
1973), while not actually biodegrading any faster
than conventional plastics (see Klemchuck, 1990).
An alternative prototype product tested by ICI,
called Biopol, has been made using natural polymers
of storage compounds from the Dbacterium
Micaligenes eutrophus. Thompson and Dickinson
(1991) showed that Biopol does actually biodegrade
rather than just disintegrate. However, production
costs at the time made large-scale manufacture
commercially non-viable.
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Anecdotal evidence suggests that breakdown of
plastic products may well be a potential source of
toxic chemicals (Day et al, 1985), although there is
little literature on the subject at present. However, it
is worthy of note that as plastic litter breaks down in
the environment it may release chemicals
(plasticisers and other polymer constituents) and
particulates into the sea. Some of these substances
may be persistent, and others are known to exert
adverse biological effects at very low concentrations.
More research into this area, supporting initiatives
by the European Council for Plasticisers &
Intermediaries, is warranted.

This problem is hard to quantify in ecological terms
due to a lack of published material on the subject,
and is impossible to translate into monetary terms.
Nevertheless, this intangible environmental cost
must not be overlooked when accounting for the true
extent of damage to UK interests resulting from
marine litter.

3.2 Fisheries

Lart (1995) notes that much of what is known about
the impact of litter on fishing activities is based on
anecdotal evidence, but nevertheless recognises that
the two major types of litter interfering with fishing
gear include plastics and sewage related debris. Lart
also recognises five types of damage to fishery
interests: and unpleasantness (no
impact); leading to
economic loss (cleaning nets, etc); the
reduction or selective hindrance of gear by increased
visibility or blocking; prevention of static fishing
gear and blockage of trawls by dense litter; and the
potential for ecological damage by smothering of
benthos.

inconvenience
economic inconvenience

static

The experience of the UK Fisheries laboratories staff,
is that very few trawls undertaken within the 12 mile
limit around the coastline of Scotland are free of
litter, and in some areas the quantities are quite
significant (Derek Saward, (SEERAD), personal
communication). The effect in this case is seen to be
primarily aesthetic. However, Williams et a/ (1993)
state that litter found in an off-shore fishing bank,
located in 10m of water, has caused a serious
economic loss to fishermen in Swansea Bay, though
no figures are quoted. The National Federation of
Fishermen's Organisation have confirmed that
marine litter is a cause of concern around Britain’s
coasts, and particularly sewage related debris in
inshore areas (Glenn Quelch,
communication). Unfortunately, no attempts have
been made to quantify the extent of the problem.

personal
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The major impacts of litter on fin fishery interests
results from damage to nets, fouling of fishing
grounds, damage to fish stocks, etc. The UK
Offshore Operator's Association Limited (UKOOA)
is an organisation that represents the interests of
companies extracting oil and gas from offshore
locations. For many years UKOOA has operated a
Compensation  Fund to provide
compensation to fishermen whose nets or other gear
were damaged by oil related debris generated by oil
and gas industry-related activities or some pipeline
incidents. Where seabed litter can be attributed to a
particular operator, this operator is held individually
responsible and is expected to negotiate and settle
the fishermen's claim. The compensation fund only
comes into operation where “ownership” of the litter
or obstruction is not clear or is unknown. Awards
from the compensation fund are managed through a
committee of fishermen, and average compensation
runs at approximately £250,000 per annum. The
annual value of settlements by individual operators,
identified as responsible for seabed litter items
causing damage, is unknown.

Fishermen's

There is a UK-wide claim system for nets lost due to
MOD activities. Three types of “fasteners” (net
snags) are recognised by the MOD, each with an
appropriate eligibility for claims (see Table 1).

The total impact upon fisheries is hard to quantify in
exact terms but, taking an arbitrary assumption that
settlements by individual operators are equal to the
UKOOA's Fishermen's Compensation Fund, the total
impact of damage to gear is not less than half a
million pounds annually. The experience of Shetland
fishermen (KIMO, 2000) is that each boat spends on
average 2 hours per week cleaning litter from their
nets. Loss of catch due to contamination (e.g. oil
filters or cans of paint) can be up to £2,000. Up to a
days fishing can be lost due to a fouled propeller, in
addition to £300 for the hire of a diver to disentangle
it. The loss of 1 hours fishing for a small fishing
boat can be between £30 and £100. The effects and
presence of litter can result in losses of between
£6,000 and £30,000 per year per boat.
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Table 1: Net “Fasteners” Recognised by MOD

#1: B EOHEIEBCRDOONDBED 77 R

Compensation Scheme F—1
Type of Fastener Eligibility for Claim 77 AF—FE JV—ADEE
1. Large rocks or wrecks No eligibility for a claim 1o KB o 2 S0 HE 1k A 7 L — L%
2. Mines, bombs, shells | Eligible for claim 2. HEE L. B, MY | L —Lax
etc. (MOD involvement) - (EPFEREE) — FE
the procedure is to discard EL TR, BEHR L2
the net on a buoy and WE 74 EICHEFEL,
contact the bomb disposal BB LER I — 0@
team T5HIZ L,
3. Submarine entanglement | Eligible for claim 3. BARRICE D ED 7L — AXR

3.3 Aquaculture

Fish farming in the marine environment is a
particularly significant industry in Scotland, with a
total estimated value of £200m annually. Marine fish
farms both produce marine litter and suffer from its
consequences. The Scottish Salmon Growers
Association (SSGA) (Now Scottish Quality Salmon,
SQS) note that the location of the farm dictates the
type of litter found (SSGA, personal communication)
i.e. for those near towns the problem is sewage
related debris. For those in remote settings the
problem is from fishermen and passing ships. There
are complaints about weekend yachtsmen. Farmers
do admit to self-littering, but seem to be keen to
clean up on a regular basis. Some salmon farmers
may spend up to 1 hour per month cleaning litter
from nets and walkways (KIMO, 2000). The SSGA
further comment that although litter is not often
regarded as an “important” issue, it can cause local
difficulties. A recent report “Marine Litter in the
Minch” indicates that litter arising from the fish
farming industry is being tackled under a Quality

Assurance Scheme run by Food Certification,
Scotland (Dr Downie, SNH, personal
communication).

The Shellfish Association of Great Britain does not
perceive litter to be a big problem for the industry,
possibly due to the generally “clean” location of the
shellfish beds.
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3.4 Human Health
Sewage related debris, medical waste and other
potential biohazards are reported as being of
potential danger to human health, either when
stranded on beaches or circulating in coastal waters
(Rees & Pond, 1994a). In particular, medical waste
could cause particular problems, which has given
rise to expensive beach closures in the USA. In the
UK, Phillip (1993) reports that, in the period
1988-91, 4% of the needle stick injuries reported to
the Public Health Laboratory Service in the South
West Region of England were sustained on the
beach.

Entanglement is also problematic, and particularly
the entanglement of sports SCUBA divers in
monofilament gill nets (BSAC, 1991, 1992, 1993,
1994). Entanglement incidents are recorded by the
British Sub-Aqua Club, and there are typically one
or two incidents of this nature recorded every year.
All  should be considered as potentially
life-threatening.

Large pieces of timber can pose serious hazards to
boats, posing a significant threat to life, for instance,
18"steel bolts protruding from the timbers (Peter
Holmes, personal communication). In addition
threats to fishermen specifically include, fishing
gear snagging the object, or the object being caught
in the net and brought on board. In the first case
there could be the danger of capsizing and potential
loss of life and, in the second, danger to the crew if
the object (e.g. a drum) contained harmful
substances. Olin et al (1995) claim that dumping of
chemicals, including mustard gas, routinely affects
local fishermen off the Coast of Bohuslan in West
Sweden, and that catches have to be discarded when
ordnance gets stuck in nets. However, this input has
not been quantified. Similarly there is anecdotal
evidence suggesting that fishermen in the Firth of
Clyde and North Channel often net munitions
(Edwards, 1995).

Depending on the resources that could be made
available, the types of measures that would help
prevent and/or minimise the effects of such incidents
could include: the deployment of surveillance
aircraft to identify the location of lost objects; the
notification to mariners of the location of floating or
sunken containers, cargo or debris; the emergency
towing of floating containers; and the transfer of
cargo from a stricken vessel.
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3.5 Recreational and Leisure Usage

Recreation and leisure is a major source of national
income. The British residential coastal holiday
market (i.e. more than one or two nights) is
estimated at approximately £4.7 billion annually,
with 110 million day trips to the coast worth another
£1.2 billion (excluding the business and visiting
friends/relations markets) (Peter Hampson, British
Resorts Association, personal communication). It
may, therefore, dominate the local economy in
certain regions such as the South West peninsula of
England, West Wales and the West of Scotland.
People tend to avoid littered beaches (Rees & Pond,
1995) and in extreme cases in the US littering can
lead to beach closures. A study of beach users on the
Glamorgan Heritage Coast (Morgan et al., 1993),
questioned about their opinions and perceptions of
the beach environment, indicated great concern
about perceived bathing water quality and levels of
pollution and litter found on the beaches.

Consequently, littering is a high-priority issue with
coastal local authorities, who may spend a great deal
of money clearing litter from their beaches. A report
prepared for Scottish Enterprise, Scottish Natural
Heritage and the Scottish Tourist Board (1994)
which looked at procedures in place to manage beach
litter, gives a good example of collaboration to deal
with this issue. The report made recommendations on
best practise methods, mechanisms and incentives
that might be applied at a local level.

It is important to examine both the “direct” and
“hidden” costs when evaluating the total cost of
clearing away litter. For example, direct costs
include collection and disposal of litter from a beach
and the hire or purchase of cleaning equipment.
Hidden costs could incorporate contract management,
health, education, lost revenue and harbour costs
(Clive Gilbert, personal communication). For
example, although the direct cost of cleaning the 20
designated amenity beaches in Kent's 4 maritime
district councils is approximately £800,000 per year,
taking into consideration hidden costs, it is
estimated that the total cost of marine litter to Kent
could be £6-9 million annually (Clive Gilbert,
personal communication).
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Councils are expected to supply information on
annual beach cleaning activities to the Chartered
Institute of Public Finance Administration. However,
this should be treated with some caution, because the
total costs for each Council may incorporate
differing levels of application. For example, the total
cost may cover beach cleaning only or include town
cleaning as well. Some Councils have been known to
simply use the allocated budget as a guide to
complete returns, while others do not submit any.

Some attempts have been made to quantify the
monetary impact of litter on Local Authorities who
are responsible for maintaining their amenity
beaches to a high standard for recreational and
leisure usage. In a survey of 56 coastal Local
Authorities (KIMO, 2000), the total cost of beach
cleaning was reported to be £1,953,238 for England,
Scotland and Wales. However, as this does not
represent the total number of local authorities it can
be assumed that the total cost to the UK is well in
excess of £2 million. The following examples help to
identify the magnitude and range of the problem at
the local level:

+ The Somerset resort of Weston-Super-Mare
welcomes 2 million visitors per year, and this
tourist trade is worth £14 million per annum to
the local economy. Since the recreational
quality of its two beaches is so important to the
local community, Weston Beach is mechanically
raked and swept once or twice per day in the
summer, and is hand-picked in the winter. The
annual cost of cleaning on the two beaches is
estimated as £100,000 (Acland, 1995).

+ The direct costs of cleaning approximately 40km
of Suffolk coastline (most of which is shingle)
is approximately £60,000 per year (Trevor
Gibson, Suffolk Coastal District Council,
personal communication).

+ Carrick District Council, Devon, annually spend
in the region of £32,000 cleaning 5 km of
beaches (Karen  Hall, KIMO, personal
communication). They were also successfully
sued for negligence over sewage related debris
on one of their beaches resulting in legal costs,
to Carrick District Council in the region of
£50,000 (Nick Hibbit, Carrick District Council,
personal communication).
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Reference has been made to various local authorities
and their beach cleaning activities. It should be
noted that the local authorities duty to clear litter,
under Section 89 of the Environmental Protection
Act, 1989, only refers to beaches identified as
bathing waters. Looking at England and Wales as an
example, the total length of coastline is 7062 km (at
a scale of 1:50,000), of which there are 448
identified bathing waters. Even assuming an average
of 2km per beach, these bathing waters equate to
approximately 224 km or just 3.1% of the England
and Wales coastline.

Examples from Europe and the US reveal similarly
high costs associated with the clean up of litter as
well as the effects on local economies:

+ Tourism (one of Sweden’s largest industries) on
the Skagerrak coast of Bohuslan in West
Sweden is worth 3 billion SEK (approximately
£260 million) and 3,900 man years of work per
annum to the local community. It is estimated
that the substantial accumulation of litter that
occurs in the area depresses tourism by between
1% (Olin et al, 1995) and 5% (Bj6érn Stahre,
personal communication). Taking a worst case
scenario, this equates to an annual loss to the
local community of approximately £15 million
and 150 man-years of work. In addition to this
loss of trade, local clean-up campaigns cost
approximately £937,000 per annum, or
approximately £156 per m3 of litter gathered. It
is worth noting that it is estimated that only
30% of the litter is actually recovered (Pege
Schelander, BOSAM, personal communication).
The total cost of coastal littering to the
Bohuslan local economy is therefore in the
order of £16 million per year.

+ In 1987-8, large quantities of medical waste and
other litter found washed up on beaches
prompted the States of New Jersey and New
York to close beaches on the grounds of the
potential health risks that they posed. The
estimated loss to the local economy was
subsequently estimated to be several billion
USS; a substantial sum (Swanson et al, 1991).

Impacts of contaminated beaches on local property
values have also been considered under Aesthetic
Intangible Costs (section 3.1.3).
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3.6 Navigation (Non-military)

The presence of litter items in the water can be
problematic for commercial and pleasure boats of all
types. The principal problems are fouling of intakes,
propellers and anchor lines, which can create a
potential loss of earnings. DEFRA, for example,
have experienced problems with their research vessel
Cirolana being fouled by floating netting, which
required a slow steam to harbour on the bow
thrusters and the hire of divers to clear the
obstruction. Likewise, the Scottish Environment
Protection Agency’s marine survey vessel had its
intakes blocked by litter, causing the engine to
overheat and resulting in substantial downtime and
costly repairs (Peter Holmes, personal
communication). Such an event has occurred four
times in twenty years and costs in the region of
£1000 per working day. Other incidents have
resulted in the fouling of the propeller, which may
disable the craft and put the vessel and its crew at
some risk.

The UKOOA reports that there are few formal
reports of incidents of fouling of oil industry
although this may be due to
under-reporting as there is much anecdotal evidence
that it occurs.

equipment,

Forth Ports plc estimate that the approximate cost for
the recovery and disposal of litter at the Port of
Leith is £3,000 per year (Captain MacLellan,
personal communication). However, they also state
their belief that all the litter in Leith Docks is from
landward sources. Shetland Harbour Trust spends

approximately £13,000 per year on waste
management (Karen  Hall, KIMO, personal
communication). This includes the physical

collection of floating litter from within the harbour.
A survey of 42 harbour authorities in the UK (KIMO,
2000), recorded a total of 182 propeller foulings
costing £50,960.

Coastguard / Rescue Services

A further indirect cost of floating marine debris is
the cost of rescue services in response to vessels
stricken by fouled propellers. In 1998 RNLI lifeboats
attended 200 incidents around the British Isles
costing between £2,200 and £5,800. In many cases
the lifeboat is run entirely by volunteers, leading to
costs not only to direct rescue costs, but also costs to
the employers of the volunteers in lost time.
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3.7 Military Activities and Navigation

The UK places considerable importance upon marine,
submarine and inter-littoral military exercises as a
component of its defence capability. The impacts of
litter on such activities include:

+ surface and submarine navigation;

+ geo-acoustics;

+ internal waves;

+ ambient noise;

+ water transparency;

* mine sweeping (e.g. oil drums and other)

No associated costs have been made available.
3.8 Power Generation

The intakes of coastal power stations are fitted with
screening. There are usually two levels of screening:
coarse outer screens and finer inner screens.

The coarse outer screens provide primary protection
for the intake, and remove gross litter items. Typical
gross litter items trapped by coarse screens include,
pallets, driftwood, tyres, discarded bicycles and oil
drums. These screens are cleared as necessary,
usually by hand.

Finer inner screens are usually either rack or drum
screens, and these are normally cleaned
automatically. The major items trapped are fish and
seaweed, and the siting of the intake is carefully
considered at the design stage to minimise impacts
arising from marine outfalls and other potential
impingements. In addition to fish and seaweed, the
fine screens catch litter, and typical litter items
include: plastics (particularly shredded fertiliser and
carrier bags), sewagerelated debris, and the whole
range of litter items that cause problems on beaches.
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Given the need for smooth continuous operation,
power station intakes are fitted with sophisticated
litter control mechanisms, and a routine maintenance
schedule is followed. The impacts of litter are
therefore best assessed as an incremental cost over
and above clearance activities necessary to remove
fish and algae. Anecdotal evidence suggests that
power station intake litter clearance rates (for a
typical 2000MW direct cooled plant with four 1m3
litter baskets — one per inlet) can vary from 4m3 per
week to 4m3 per month, depending upon season and
recent weather conditions (Steve Adrain, National
Power, personal communication). When loads of
litter are particularly high, it may be necessary to
supplement the automated clearance mechanism with
forks and rakes. In exceptional circumstances, it may
even be necessary to close down the turbine or the
entire power station to remove blockages. Closures,
though rare and usually attributable to shoals of
sprat and herring (S. Rogers, CEFAS, personal
communication), are extremely expensive to power
generators due to loss of production.

At Aberthaw, screens are cleaned every six weeks at
a cost of £5,000. The pumps performance was seen to
decline as the screens became gradually blocked by
debris, costing approximately £500 per week (KIMO,
2000).

3.9 Seawater Abstraction

It s assumed that the problems
experienced by non-power generation sectors of

generally

industry are similar to those experienced by power
station intakes. However, this assumption must be
challenged as other sectors of industry may:

+ Be sited with regard to proximity to centres of
population, ports, etc., and therefore abstract
water containing a higher concentration of
litter;

+ Abstract water at substantially lower velocities
and rates than power stations; and
Not be fitted with such
litter-trapping mechanisms, nor
standard overhead rate for screen clearance.

sophisticated
assume a
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A questionnaire survey of marine abstractors listed
on the Environment Agency’s Public Registers was
conducted. Of 22 responses 5 encountered no
problems with marine litter, 10 considered that litter
caused problems rarely (less than 25% of the time), 6
considered it was an occasional problem (25-50% of
the time), and 1 considered marine litter a very
regular problem (more than 75% of the time).
General litter (for instance, cans, bottles, packaging
plus other items less than 30cm in size) was found in
all cases, with gross litter (for instance, any items
larger than 30cm in any dimension) being reported in
addition by 7 respondents. Sewage related debris (for
instance, condoms, panty liners, etc) only appeared
in small concentrations on 2 questionnaires. One
respondent, who abstracts continuously, collects
approximately 10kg of general litter every day from
automatic screens. The perceived source in this case
is mainly from ships berthed in the dock, rather than
from the estuary.

The most frequently-reported problems reported by
abstractors were blocked inlet valves and restricted
flow through pumps. However, fouled propellers and
snagged dredging gear were reported as occasionally
problematic, and some instances of actual
litter-related damage recorded (burnt
clutches, broken drive shafts on band screens and
heat exchanger damage).

were out

The financial implications to abstractors of marine
litter range from minimal labour costs to clear
blockages on an irregular basis, through to
approximately £50,000 per year for major damage
and blockage problems (including contractor costs,
in-house staff time, and downtime). One of the
abstractors surveyed normally budgets for an extra
80 shifts per year (12 hour shifts on overtime) for
litter-related clearance activities.

3.10 Flood Defence

The Flood Defence function of the Environment
Agency engages in litter
defences in order to protect
diverting waters away from vulnerable locations.

clearance for coastal

drains and weirs

Conservative extrapolation of costs for litter
clearance by Environment Agency Midland Region
to cover the coastline of Great Britain would result
in an annual cleaning bill in excess of £1lmillion,
ignoring the additional costs of damage resulting
from defence failures due to inadequate cleaning.
The costs are recouped by cross-charging affected

County Councils.

AXFIVRBEROY A MIHBEHINLTWD X
FIZHKHLAKOBEIR EFIcoNnWTT v r— A&
NiThabhiz, 22 (kb omEIZED 5 b 5 113 ifE
EZHRICHET MBI R, 10 ik, ZH 85
TRIITMEIRmTHD L LEQR5% LLT). 6 #iE
Bidrifd 2 2R L LTHE X THB Y (25-50%), 14
T AR ENHEE L TWVWB(T15%L By & %
oo —MITHMWI A, . B, WA, 2o
EPKEEICLT 30em U FOLO) T Wb
HHICBWTHLHEELTEY, KBEOZHWNT
N DSFIED 30cm UL LD S D)THWTIE 7 4
NOBRERH-T-, MAERLIA (2> F—24
RN T 4 TAT =) ZmEENR LR, 24
DHTHoT, MEOICERAKTD2HD2EEHEITH
B U —rnbiH 10kg O 2 & & EULL
TWb EE 2T, 2O HOFEAPIT, ANLAFIT
THEHARACEBCEHRLTWIHMEEZEZLNATW S,

WMAKEE»PLRESNRAMETREDL Z VO,
WMANRALTNFEEYD R FTETOHRNNEL A
52 ThHD, FO—FT, MELEZTeNTR
BHEREM 2N KaljEEoTWH ELT
WEIN, EBICIZAB SR LEZHAEFIZOD
THEHEHEELTWDL(Z 7y TFoRETET.
FTAN—=T % 7 FOWHE, BB OWER L),

WMAKEENPEAIRENFEL L T, REH
WEEMERET ILER/NROFBHEHANS .
BERRBEHESL AL FHEFZVICH LT DEM
50,000 R REWHFHICEDLETEZEICDTE
HEHER. WAy 708/ A, FEBEBKH
W58 M), AEEITToFRAEED Y B 1
AL T AEIAEZIC T & L THER 7 & 80 [
DOTHEHZFELLTWEEEELTWS (12 B
MoBEEE 7 M,

3.10 #EAk x5k

BREROBEAKMKBOMLEE L LT, DO RLE
EREHOKOTENZE X D Z & TTFARMP
BOREL.WEHHEOZOICZHER 24T - T
W5,

RERI Y FT7V REXHBA XY 2O FH
ODITHEBIWIZL 2 ERAEZHEGFOREN»SEE
L7t ZAICLDE, TOEITER 100 5HA K
EFHMzA5bDThHD, ZOFEIT. R+ H»
FROZHOIEI 2L TR I 5EMEN
EEERV, 2O REHIT. BR LA
BENRZ7 AT X =V FXNTHRET D,

EE2-25

N



3.11 Agriculture

There are instances where wind blown marine litter,
especially plastic sheeting, has to be removed from
agricultural land. In Shetland 91% of crofters are
affected by marine litter blowing into their fields
(KIMO, 2000). Problems include damage to fences
and farm machinery and time taken to clear fields
prior to ploughing. In addition, some farm animals
have become entangled in litter, with instances of
ingestion of plastics tangled in seaweed. The
estimated costs associated with these impacts
totalled £400 per year per croft.

The total costs associated with impacts on
agriculture across the rest of the country are
unknown.

3.12 Aesthetic Intangible Costs

In addition to the sectors discussed above, the
presence of litter also adversely affects waterbased
recreational activities of all types as well as the
perceived quality of the marine environment. In the
riverine environment, it has been demonstrated that
the amount of litter is used by the general public as
an indication of water quality (Dinius, 1981; House
& Sangster, 1991), and that even low quantities of
litter directly impinge on the public's perception of
the amenity value of a watercourse (Dinius, 1981). It
is therefore probable that there will be a strong
relationship between visible marine litter and the
attractiveness of marine waters for recreational
purposes.

These impacts on public perception also have
negative effects upon the value of local property
(hedonic pricing), the attractiveness of the water for
amenity purposes, a consequent reduction in the
quality of life, and bequest value for landscape,
purity and wildlife. In some instances, it may be
possible to quantify this effect by contingent
valuation techniques.

3.13 Summary of Costs

Table 2, overleaf gives an overview of some example
costs associated with marine litter. Perhaps most
important are the sectors where it is difficult to place
an economic value for instance, ecology or property
devaluation. Priority should be given to assessing
these, so that a true reflection of the cost impact of
marine litter can be revealed.

3.11 B

BOFBETRERIEEINTEETADMEI
RAEFEFNH D, FFlce=—L v — MIEH#NDS
ﬁfb&<f1&6ﬁu\:mzyf7/hf
91/ —t o b O EEBERE N EHIC iézhf
X WEVEZ ﬁ@%%%xifwémmozwm
MELERD20E., 720 ZA0BE BB~ 0B E
BHEICESI b B AR T 2R A IO 5 72
EThHD, TNICMAT, ZFENZHRICHKE- -

Bl IR E -T2 T T AF v 7 AL 724
bbb, ZTOXIRMBECHr2»DEMIT. 1 &M

Hl-VAAEMBEEIOORN Y FEHEESIN D,

A XY ZRERANDF O H FIZ
DRBIZDNDZREHITIAATH S,

BB~

3.2 BB IR -EA

AR O EICMZ T, THAOFEIT, BEEBRE

ODEOENALEFRK, DD IWEL 7 ) =— 3
VIEENCEEELEZ S5, MIIOREIZE W T,
—BHRIIZAOEEKEO NG A —F L LT
¥ ¥ (Dinius, 1981; House & Sangster, 1991), 7= &
YN ETH, —RTTRITE > ToOKGED P
‘fﬁiﬁﬁﬂﬁlilﬁﬁéwg%x 5 & éhé(Dmlus
1981), 1@ %, IRADMBHETHRLELVTY
I—ya/amkbf®f®£ﬁ (B A AR
EiErdbosBbhd,

OO —BITROBE~DOEELEL, =
— I AVFEHEOME (~F= v 7 i) LY v —
HELTOWOBM, ERMWELTOEEDOED
EAb, %ﬁ%%%ﬁ\ﬁéﬁ%@gwﬁﬁﬁ&%

M ICEBEEELE XL TV D, PICIE, A E®
TZH LB HMIT S &75:3[ 7t D

bHd D,

3.3 BROBME

UTIEARTRZ2IIMEIAICHET Z2HHHIC
ONWTELEDELDTHDL, BEOLKOLEER
Lo, BEOMMBEZ Y I b2 ENREE%ER N
HThorEBEbhs, flxiX, AERSLHEOS
728 Thd, TTHINLEFTET DL E2E
L MEIADRRTCRERAEATLIEHZEIZ KR
L7ZbDEHLMNZLRITIER DL RN,

EE2-26



Table 2: Summary of some Extrapolated Costs ® L AFBRECII>EEZAOEMEBROBE
Associated with Marine Litter
Potential W
Qualitative Economic Explanation of ol B 5 =
Sector Impact Impact Extrapolation i HHE# -2 o9 ¥ O B B
(£/year) (CIANE:D)
Ecological Entanglement, Unknown | What value can A& E L HEH A | BEMREES LD
impacts ingestion, be applied to THICk D E U TR TR O R GE S D
smothering, the potential B RS < BHOMEO L D
beach cleaning decline and N2
thus protection
of a species? s
Long Distance Unknown | Could be high ‘ I A R | MAKDES O L
transport based on o | B mEE LM bnD (5
freshwater %/_S 3% 1815 H)
examples (cf
page 11,
section 3.1.5).
Toxic Unknown | Potentially = M A [ BHICE->TixEHE
poisoning high - need rEbhd -WEE
more research. B Rs)
Fisheries Oil industry 250,000 | Section 3.2 i B 250,000 | & 3 %= 2 i
related (UKOOA M )
(UKOOA fund)
Net and boat 23,400,000 | Based mainly L > = 7 % 23,400,000 | > = v b T v FDHE
(propeller) on Shetland W5 o Bz 5 X £6,000 H
damage from experience M (T e 5 £30,000/4F /£
other litter £6,000 to 7)) OEE (KIMO,2000)
sources £30,000/yr/boat A XU 2D R
(KIMO, 2000). S =7,800
UK total no of PE (MCS, 2000a)& L, &~
fishing boats =y FT7 VD LD
=7,800 ((MCS, 1250%(3,900) 75 % 4
2000a); assume 2TV D ERE
50% of boats L X£6,000& L 7=,
affected
(3,900) as at
Shetland x by
£6k.
Aquaculture Cage 316,800 | Shetland JK A O T T 316,800 | Y= v F 7 v KD FE
Clearance etc. experience Bz & b (KIMO,
(KIMO, 2000) 1 2000)., A 1 HERE (80
hr (=£80) Ky ) X8 k2330
/month x & AT (MCS, 2000a).
approx 330
farms (MCS,
2000a). i
Fouled 594,000 | Between £150 w Ta TR 594,000 | 112> & 150~1,200
Propellers and and £1,200 per Bk @ o E Ko RFELT
intakes incident. £150X330f% X A 1
Therefore using s
£150 x 330
boats x 1
incident /
month
Tourism Direct costs — 1,781,543 | Average annual o 1,781,543 | #fE 534w 1 kmd 7= 0
designated cost of beach — 5 7E fE PRESEY g
beaches cleaning /km of £7,953 (KIMO,2000
£7,953 (based F435 W) XHEEN O
on KIMO, 2000 K ¥ 45 42 5358 BT O
— see table 4.3) He A B B
x the estimated (MCS,2000b)=267km
total length of
all 535 UK
bathing beaches ﬁﬁ
(MCS, 2000b) o
=267km. ¥
Direct costs — 5,423,946 | Average beach ERE- 3 5,423,946 &g & FEE £ 7,953 X
nondesignated cleaning cost as — ¥5 T W A Y5 E #h 5k DL Ak o HE E
beaches above (£7,953) & BFIE A
x estimated (KIMO,2000 ) 682km
length of
non-designated
beaches
cleaned
(KIMO, 2000 —
page20) 682km.
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Potential 5 BN
Qualitative Economic Explanation of BRE v = g
Sector Impact Impact Extrapolation g LR -2 3 o1 f8 4 O 7 B
(£/ year) (& V1 /14)

Tourism Hidden costs 157,000,00 | £6-9m just for F& 7= 2 A 157,000,000 | 77> b M & & T £ 600
Kent (section ~9007 (% 3 % 5 fii
3.5). Difficult 2 B B 1 fth Hh I
to extrapolate BE R DT, KE
because R ERNIE—ET
tourists may bHAREENH DI
relocate EONNNPA N Gl SR S i
somewhere else 65D 1 (7 v MM
therefoiebloss o ]fﬂl\/?gjj;gooxm 7
may not be St ( ~) .
uniform to ¥ Nl o T 15TD R R
whole UK. AEREREN
Assume costs
1/6th of the
minimum for
Kent (£1m) x
157 coastal
authorities
sampled by
KIMO (2000).

Navigation Recovery and 5,600,000 | Average of SRR RN 5,600,000 | U — 2@ (FEM

(nonmilitary) | disposal of Port Leith Z B B £3000) Ev =y T
litter in (£3000/yr) and R (M
ports/harbours Shetland £13,000)

Harbour Trust iy HBRE DY E2 L D
(£13,000/yr) = fia L. £8,000/1F 5700
£8,000 x the bii O Y& [E PN O B (MCA
700 UK 17 2k %)
ports/harbours —~
(MCA, pers I
comm.). H
Rescue 440,000 | 200 incidents = [ R iE 440,000 | 19984F |[Z # [EH &K T
Services around UK in = 2001 (KIMO,2000) X
1998 (KIMO, F N7 fodn BT s o &
2000) x min B 2S8R T £ 2,200
RNLI launch
cost of £2,200
Military Damage, Unknown | Unable to % G, T rl A~ iﬂ RF 5 T R fE AL A AT
activities propeller quantify at P T DIEEDY e
{Is] e £ =
and entanglement present. A8 9E WUAT 5 5
navigation iil:di stional W)
avig 7 B
hindrances w

Power Screen 414,000 | £43,000 per W R O R E 414,000 | 7 N g — Tl fw &

generation clearances of year clearance g% DA 7Y FH 23 4E [ £ 43,000+4F
coastal costs at E — i W £26,0000 MEREIX T
stations Aberthaw, plus 7 (% £69,000X 6

performance PE

decline of S

£26,000/yr

(=£69,000) x 6
Seawater Blockages and >100,000 | Up to ok 2 @ o >100,000 | 1 2#F H 72V i |»~J T
abstraction damage £50,000/yr 7K mEL LHEE 4 £50,000(5 3% 9

/abstractor Fl iz R)

(section 3.9) il

Flood Litter up to | England and A Z B i E B BT | A7 T REY =

Defence clearance 40,000 | Wales only . ]; 40,000 | — /L X IZR D (5 3 =
activities (section 3.10 / 108 2 )

Agriculture Litter 600,000 | Majority of ThER LR 600,000 | FROKZH N v =
clearance and impact L~ E v hF v RTHRAE
harm to expected to -3 (KIMO,2000)
livestock occur in E

Shetland
(KIMO, 2000).

Aesthetic Property Unknown | Could be .- & D51k AH | M

intangible devaluation considerable. o | e X

costs etc. Zh: \z

<o
## 7
F %
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Potential
Economic
Impact

(£/ year)

Explanation of
Extrapolation

Qualitative

Sect
ector Impact

BEN
B :

BEORE e AEED

(SN

sl:nllé

]

8P

Litter >36,000 | Majority of
survey those
programmes organisations
listed in
Appendix A
who are
involved in UK
survey work
(20) using
perhaps 3
people per
organisation
(min) twice a
year (min) x
£300/day

PEE N2 200 9§ 2
T (EFFA) Yo, 1
Mikd =0 ki34
TAE2[E X £300/H

>36,000

NN TN B Ry

Prevention >250,000 | All the

and following have
education varying
programmes numbers of
people carrying
out such work:
BMIF, MCA,
DETR, Agency,
MCS, TBG,
NALG, Bag It
& Bin It. Could
assume 200
people working
4 days at
£300/day

>250,000 | L F oMK EE A
BixR2 D,
MCS,TBC,NALG,Bag
It & Bin IT

2004 7% £ 300/H T4

H ]

NN TN TS A

Total 196,246,000

4.0 National and International Regulatory

Controls of Litter in the Marine Environment

The key to controlling marine litter is to tackle it at
source. This is not only consistent with the
precautionary principle, but would appear to be the
only management option that is economically
sustainable in the longer term.

The main regulatory control of litter from shipping
in the UK is MARPOL. Land sourced litter is
controlled by a number of regulations, the most
important of which is the Environment Act, 1990
covering England, Scotland and Wales and the 1994
Northern Ireland Litter Order. Regulations have been
reinforced by subsequent international commitments
to sustainable development such as the UK
Governments White paper This Common Inheritance
(1990).

One of the keys to controlling litter is to identify the
source (see section 2.2) and then to apply
appropriate controls. The following sections detail
the International and National measures that have
been implemented to date.

'Ew

196,246,000
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4.1 London Convention

The first time that the issue of disposal at sea of
materials from land was addressed

internationally was at the
Prevention of Marine Pollution by Dumping of
Wastes and Other Matter, 1972 (London Convention,
1975). This was coordinated by the International
Maritime Organisation (IMO) and it covers many
disposal at sea issues including sewage sludge,
dredged materials, radioactivity, concrete, aircraft,
etc. The UK 1is a signatory to the London
Convention.

Convention on the

The Convention has recently completed a
comprehensive review and amendment process. The
outcome was agreement in November 1996 of a new
Protocol to the Convention, which once it has been
ratified and comes into effect, will strengthen the
rules on dumping at sea. The most significant change
is the move away from a list of what may not be
dumped, to a restrictive list of materials which may
be considered for sea disposal, all others being
prohibited. It does not refer to litter.

4.2 MARPOL

The International Convention for the Prevention of
Pollution from Ships 1973, or MARPOL as it is more
commonly known, was modified in 1978 and ratified
in June 1994 by 69 countries, including the UK. It
regulates the types and quantities of operational and
cargo wastes that may be discharged from ship to sea,
taking into account the ecological sensitivity of
different sea areas. Under no circumstances are
plastics to be disposed of at sea.

MARPOL has five annexes, each one dealing with a
specific type of waste. It is Annex V of MARPOL,
which covers garbage/litter and this came in to force
on December 31 1988. The North Sea and English
Channel is an Annex V Special Area where there are
even more stringent requirements (i.e. the disposal
of all waste, with the exception of food waste, is
prohibited). Annex V also requires that ships over
400 gross tonnes which are certified to carry more
than 15 persons, develop and follow a written
garbage management plan. These plans are to be
developed by 1 July 1997 and should include the
following:

+ A description of the collection, processing,
storage and disposal of each type of waste
generated by the ship and waste that may be
further categorised by local requirements
e.g. hazardous and medical wastes.
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A list of waste management
techniques/equipment available to be used by
the ship.

+ Provisions for the discharge of garbage and
designation of one person responsible for the

implementation of the plan.

It is worth noting that “The Government of each
Party to the Convention undertakes to ensure the
provision of facilities at ports and terminals for the
reception of garbage”. As with all international
agreements, MARPOL is not legally binding until it
is written into the domestic legislation of the
signatory country. In the UK this sub-ordinate
legislation takes the form of a variety of regulations
including:

The Merchant Shipping (Port Waste Reception
Facilities) Regulations 1997 (SI 1997 No 3018)
(which replaced The Merchant Shipping (Reception
Facilities for Garbage) Regulations 1988 (SI 1988
No 2293)), and, The Merchant Shipping (Prevention
of Pollution by Garbage) Regulations 1988 (SI 1988
No 2292). Both of these Regulations give effect to
Annex V of MARPOL and apply to the whole of the
UK.

The Control of Pollution (Landed Ship's Waste)
Regulations 1987 and Amendment of 1989 which
applied in GB only, complemented the above
regulations in the implementation of MARPOL.
These were regulated by the Environment Agency in
England and Wales and by SEPA in Scotland. They
were revoked and replaced in Great Britain by
Regulations 9 and 26 of The Special Waste
Regulations 1996. Similar provision has been made
under Regulation 9 of The Special Waste
Regulations (Northern Ireland) 1998.

It is also important to remember that the mandatory
plans required by the Merchant Shipping (Port Waste
Reception Facilities) Regulations 1998 only deal
with ship’ waste under MARPOL and are not
intended to be comprehensive plans for waste
management for the whole port system.

Hollin & Shaw (1997), give details of a report
commissioned by the DoT in 1991, which
investigated how UK port reception facilities were
being utilised. The principal conclusions reached
were: (1) there is a high cost associated with
handling small quantities of garbage, (2) the
handling of restricted waste in larger ports is often
inconvenient, and (3) there is restricted use of
disposal facilities at some private terminals.
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A Maritime and Coastguard Agency (MCA) report
(1994) also concluded that although
adequate” there was “considerable
improvement” regarding the provision of MARPOL
facilities. A further MCA report (1995) concluded
that waste facilities at ports within the UK are highly
variable with the smaller ports being deficient in
services for waste disposal. A general criticism also
noted was that no provisions for hazardous or special
solid  wastes  were available. The report
recommended that port information should contain a
detailed list of waste disposal services available,
that all ports should have a minimum four category
segregation system for solid wastes and that there
was a need for a “mariners” waste handbook which
detailed good practice.

“generally
room for

The DETR produced useful guidelines associated
with the production of port waste management plans
(DETR, 1998), while the comprehensive advisory
manual by Davies (1998), gives a clear worked
example, using Milford Haven, of how to produce a
plan. In addition, the British Marine Industries
Federation (BMIF) and the Royal Yachting
Association (RYA) have produced a booklet (1998)
directed at recreational boating facilities, which is
an excellent example of industry, users and
Government working in partnership.

4.3 EC Directives

Litter is a minor component of various EC Directives,

as indicated below. As with MARPOL, EC Directives
are not legally binding until written into domestic
legislation.

4.3.1 The EC Dangerous Substances Directive

The EC Dangerous Substances Directive
(76/464/EEC) introduced community-wide
requirements to control environmental

concentrations of certain substances. The directive
identified families and groups of substances of
concern, dividing them into List I and List IT on the
basis of  their  toxicity, persistence and

bioaccumulation.

The eighth and final item included in List I, which
contains those substances of greatest concern, is as
follows:

8. “Persistent synthetic substances which may
float, remain in suspension or sink and which
may interfere with any use of the waters.”
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No specific quality standards have been introduced
by daughter Directives as for some other List I
substances.

4.3.2 The EC Packaging and Packaging Waste
Directive

The EC Packaging and Packaging Waste Directive
(94/62/EEC) is implemented, through
Producer Responsibility Obligations
Waste) Regulations 1997.

(Packaging

Under the UK Regulations businesses handling more
than 50 tonnes of packaging wastes (90% of the
market) will be required to recycle more than half of
their packaging waste by 2001.

4.3.3 The EC Bathing Waters Directive

Under the Bathing Water Directive (76/160/EEC)
tarry residues, floating materials such as wood,
plastic articles, bottles, containers of glass, rubber
or any other substances, waste or splinters must be
absent from the Bathing Water to meet the guideline
standard.

4.3.4 The EC Urban Waste Water Treatment
(UWWT) Directive

Under the UWWT Directive (97/27/EEC) all
significant discharges (more than 2000 population
equivalent to estuaries and 10,000 to coastal waters)
will require a minimum of primary treatment. This
means that by 2005 all significant coastal discharges
will have screening, which should reduce inputs of
sewage related debris.

4.3.5 The EC Hazardous Waste Directive

The Hazardous Waste Directive (91/689/EEC) is
implemented in the UK through the Special Waste
Regulations 1996 under section 62 of the
Environmental Protection Act 1990. The main
purpose of the Special Waste Regulations is to
provide a “cradle to grave” system of control which
ensures that Special Wastes are soundly managed
from the moment they are first moved as waste until
they reach their final destination for disposal or
recovery.

There is some concern that the apparent bureaucracy
associated with regulations is
productive to the landing of special waste from

these counter

vessels, in particular chemical drums (J. Petrie,
UKOOA, personal communication).
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4.3.6 The Council Directive on Port Reception
Facilities for Ship-generated Waste and Cargo
Residues

This Directive (2000/59/EC) was adopted in late
December 2000. The UK, like other Member States,
is required to bring into force national legislation
necessary to comply with the Directive before 28
December 2002.

It is widely recognised within the international
community of maritime states that, in order to leave
no excuse for ships to resort to the unacceptable
practice of discharging their waste at sea, there must
be a properly planned system of reception facilities
in ports which are easy-to-use and cost-effective.
This is one of the requirements of the International
Convention on the Prevention of Pollution by Ships
(MARPOL 73/78). It is embodied in UK legislation
in the Merchant Shipping (Port Waste Reception
Facilities) Regulations 1997 (SI 1997 No 3018); and
it is now set out in Directive 2000/59/EC.

The UK played an active part in negotiating the
Directive, and the UK's existing regime is reflected
in the Directive - with some significant additions in
the form of:

+ A requirement for ships to deliver their waste to
port reception facilities before leaving port.
(Although there is provision for ships to be
exempted in certain circumstances. There is also
separate provision for ships to keep their waste
on board and proceed to the next port of call if
they have sufficient dedicated storage capacity
for the waste which has been, and will be,
accumulated during the voyage.)

+ Explicit references to fees for ship-generated
waste, together with the requirement that cost
recovery systems for waste reception facilities
must not provide an incentive to ships to
discharge waste into the sea.

+ A requirement that ships provide notification,
prior to their entry into port, of the waste which
they will discharge. (Although this does not
apply to fishing vessels or small recreational
craft. There is also separate provision for other
ships to be exempted in certain circumstances.)

4.4 National Legislation

Under the Environmental Protection Act, 1990 and
the Litter (NI) Order 1994, competent authorities are
responsible for keeping their land clear of litter. The
competent authorities authorities,
government departments, statutory undertakers for

include local

instance, railway companies), schools, colleges and
universities.
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4.4.1 Departmental and Agency Responsibilities

+ The Maritime and Coastguard Agency (MCA)
(formerly the Marine Safety Agency and the
Coastguard Agency), is an executive agency of
the Department of Transport. The MCA has
responsibility for illegal discharges from ships
and executes its duties by posting Merchant
Shipping Notices, which inform all port users of
new legislative requirements. Government also
places a statutory duty on the Port and Harbour
Authorities to ensure the provision of reception
MARPOL
requirements. Waste management plans are
overseen by the MCA. The MCA has also made
considerable efforts to inform port users of the

facilities consistent with

problems associated with the sea disposal of
litter through education campaigns such as
'Over the Side is Over' and 'Sea Sense'.

The Marine Pollution Control Unit (MPCU)
(now part of MCA) was established in 1979 to
exercise the responsibility accepted by Central
Government for counter pollution operations at
sea when spilled oil (or other dangerous
substances) from ships presents a major
pollution threat to UK waters or coastal
interests.

The MPCU also has responsibility for following
up reports of possible illegal discharges of oil
and other substances, including garbage, at sea
with a view to initiating prosecutions under the
Merchant  Shipping (Prevention of Oil
Pollution) Regulations 1996 and the Merchant
Shipping (Prevention of Pollution by Garbage)
Regulations 1998.

+ The competent monitoring authority for the EC

Directives affecting the marine environment, as
listed in section 4.3, are The Environment
Agency, the Scottish Environment Protection
Agency and Department of the Environment
for Northern Ireland. These bodies have
general duty to monitor the extent of pollution
of Controlled Waters (including estuaries and
coastal waters up to the territorial limit), in
addition to wide-ranging powers and duties in
respect of pollution control. It is worth noting,
however, that riverbanks are excluded from
control by Environment Act 1990. This gap in
the legislation is important bearing in mind
rivers form a major pathway for the transport of
litter from land to the marine environment.
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+ Under the Environment Act 1990 and the Litter
(NI) Order 1994, all coastal local authorities
have a duty to remove litter from mean high
water spring line and above from amenity
beaches from May to September.

- DEFRA, the Scottish Executive and DOENI
licence deposits in the sea under the Food and
Environment Protection Act 1985 (as amended).
The principal category of material licensed for
disposal is dredged material but sewage sludge
was also disposed of at sea until this activity
ended in December 1998 under the UWWT
Directive. Other categories of material licensed
for deposit are for construction or other

purposes. Conditions may be

attached to licences, when appropriate, to

beneficial

prevent rubbish and litter entering the marine

environment by this means.
4.5 OSPAR
The OSPAR Convention is an international
agreement for the protection of the North East
Atlantic. The Convention was ratified by 16
contracting parties and entered into force on 25
March 1998. The Paris and Oslo Conventions have
covered marine pollution in the area of the North
East Atlantic since the early 1970°s. Under the new
OSPAR Convention contracting parties are required
to take all possible action to prevent and eliminate
pollution of the North East Atlantic. They must:

» Adopt programmes and measures in pursuit
of these objectives;

» Harmonise their policies and strategies;

»  Apply the precautionary principle; and,

» Impose controls corresponding to best
available techniques and best environmental
practice.

The work of OSPAR is conducted through a
secretariat and a number of working groups. The
Working Group on Impacts on the Marine
Environment (IMPACT), now part of the
Biodiversity Committee of OSPAR, has litter
included in its remit.

Sweden is the lead country for litter on IMPACT
and aims to identify:

a. The Sources and Occurrence of Litter
- Assessment of sources, composition, occurrence
and quantities;
- Assessment of the effectiveness of measures;
* Definition of common monitoring methodology;
+ Temporal trend monitoring.
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b. The Effects of Litter on Birds and Marine Life
Assessment of research data on stomach
contents in relation to health.

4.6 North Sea Conference

Marine Litter and Waste Management were among
the subjects discussed by Ministers at the Sth North
Sea Conference in Bergen (19 — 20 March, 2002).

Ministers expressed their concern about the fact that,
despite the wide range of measures taken in recent
years, marine litter was still causing environmental,
safety and economic problems to marine and coastal
environments, as well as to coastal communities in
the North Sea States. The Ministers agreed that litter
can only be addressed by efforts from all sectors of
society. As a result the Ministers:

i) emphasised the importance of the role of the
voluntary sector, particularly in the mounting of
clean up campaigns, information activities and
educational projects (such as Beachwatch,
Coastwatch and Adopt — a — Beach), and
welcomed their contribution;

ii) In relation to litter from land based sources,
such as tourism and recreation, sewage and
waste from landfills, invited organizations
concerned with promoting tourism, managing
waste disposal and encouraging the public not to
create litter to review their programmes to see if
there are further projects which may be
developed to reduce marine litter by changing
public attitudes.

iii) Noted with interest the project conducted in
co-operation between a number of Dutch
fishermen and Dutch authorities under which
litter caught in trawls is brought back to port
where it can be unloaded free of charge for safe
disposal and draw the attention of the relevant
authorities in other North Sea States to this
fruitful co-operation as a possible model for
wider co-operation in this field;

iv) Committed themselves to giving priority,
within their national programmes to combat
litter, to programmes which effectively address
the problems of marine litter ( such as the Save
the North Sea Project) and, where appropriate,
to supporting them within the framework of the
EU INTERREG IIIB North Sea Initiative; and

v) In relation to litter from the maritime transport
sector and offshore installation, invited the
operators to review the provisions of their
environmental management systems to see how
they can better control litter.
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The Ministers committed themselves to implement
the EC Port Receptions Facilities Directive, and
strive for a co-ordinated approach in the future. They
agreed to evaluate the different approaches in the
meantime taking into account experiences of the
Baltic Sea States (“No Special Fee System” — 100%)
and experience of other North Sea States. They
agreed to set up mechanisms that work as an n
incentive to deliver all ship-generated waste ashore,
and to exchange information on the adequacy and use
of such facilities, through a harmonized system of
reporting. The Ministers invited the Helsinki
Commissioners with participation of the North Sea
States to initiate the evaluation and deliver a report
in time for the next meeting in Sweden.

5.0 Conclusions

Several conclusions can be derived from the results
of the schemes outlined in Appendix A and available
literature. These are listed below under the headings
of what we do and do not know.

What we do know.

+ With the exception of the National Aquatic Litter
Group (NALG) there appears to be little
co-ordination of effort to tackle the problem of
marine litterl.

+ Legislation alone is ineffective in reducing
marine litter.

+ Despite a lack of research into the subject, there
is much evidence that the economic impact of
marine litter to the UK is significant.

+ Large volumes of litter can accumulate in
shoreline and seabed sinks.

It is estimated that 80% of marine litter
originates from land based sources.

+ A significant amount of the litter items on our
shores are small (less than 30cm).

*50 - 90% of beach litter comprises plastics, which
may persist in the sea for a long time.

* Much sewage related debris still originates from
combined sewer overflows (CSOs).

+ Sewage related debris has the greatest negative
impact on public perception of water quality and
fitness for bathing and other uses.

+ Litter in the marine environment is of concern to
the public, and has led to the establishment of
many volunteer-based
schemes.

* Volunteers provide a cost-effective means of
gathering data, and have particular value in
supporting nation wide surveys for which
specialist surveying would be too costly. There
is an additional benefit of ownership and
education.

survey and clean-up
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What we do not know.

* We do not know how marine litter affects
populations or indeed whole ecosystems.

+ It is difficult to assess the economic damages
associated with the impact of litter on
ecological functions.

+ Not enough is known about the long-term effects
of persistent breakdown particles.

+ We do not have enough monitoring data to source
litter items accurately.

*We do not know how effective MARPOL is, since
there is no monitoring system to measure any
effects of the legislation.

1 Responsibility for the monitoring and regulation of,
and education about, marine litter falls to a
number of organisations within the UK (UK -
MCA, local authorities, and MCS; England and
Wales — Environment Agency and TBG; Scotland —
SEPA and Keep Scotland Beautiful; Northern
Ireland — EHS and Tidy Northern Ireland).

6.0 Recommendations for Further Action

There is a need to reduce the various problems
caused by litter in the marine environment. This
requires action on a number of fronts and in
particular calls for existing
activities in order to enhance their effectiveness.

co-ordination of

Consideration should be given to the following:

What would be
appropriate to fulfil the aim of reducing the
input and impact of litter;

+ The promotion of communication and education

co-ordinating mechanisms

about the problem of marine litter in order to
stimulate a more pro-active approach to its
prevention and through
collaboration between various stakeholders;

minimisation

+ Research into the economic2 and ecological
impacts of marine litter and the effectiveness of
current measures for its control.

2 The use of risk assessment tools and contingency
valuation techniques would also help to evaluate
the potential economic damages that might result
from the loss of ecological functions caused by
varying levels of litter.
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e =y 24 6300 13,049.6 25053 2265.1 3118 14017 81174 29112 13,647.0 44209.1
Ty 263 1,864.2 3579 3236 45 200.2 11596 4159 1949.6 63156
&8 132 42250 956109 14,5403 127154 34825 63088 265342 12,699.7 47,1182 219.0100
) 320 13659 207.7 181.6 498 90.1 379.1 1814 673.1 31287
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