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Abstract

The horizontal and vertical distributions of chromium, zinc, copper, lead and nickel in the
sediments in Ise Bay were determined.  Judging from the results of the sedimentation rates deter-
mined by #°Pb dating technique; the pollution of sediments by these heavy metals seemed to have
been occurring since about 1960, ,

The concentration of these heavy metals at each sampling station was constant in the
deeper part of the vertical distribution. The constant value was taken as the background concen-
tration at each station considering the sedimentation rate. Theé amounts of artificial accumulation
of these heavy metals were estimated at each station by integrating values which exceeded the
background concentrations, These values were 0-510.for chromium, 0—1700 for zinc, 0-760 for cop-
per, 0-1200 for lead, and 0-160 for nickel in units of ug/cm® respectively. - Moreover they were
higher at the head of the bay.

From the horizontal distribution of these valueé, total amounts of artificial accumulation of
heavy metals in Ise Bay were, respectively, found. to be in tons, 1000 for chromium, 4800 for zinc,
1200 for copper, 1300 for lead, and 300 for nickel. ‘
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Figure 3 (a-b) Sedimentation rate at No. 4 and No. 5,
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Figure 4 (a-b) ' Vertical distribution of heavy metals in sediment cores.
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Table 1 Concentrations of heavy metals in. the sediment of Ise Bay

station depth chromium =zinc copper lead nickel
No. (cm) (ppm) (ppm) (ppm) (ppm)  (ppm)

1 0-.1 45 89 17 44 31
5-.6 45 91 15 47 31

10-11 46 91 15 46 28
15-16 45 91 15. 47 30
20-21 48 88 14 46 30
30-31 46 91 16 46 31
4041 47 92 16 47 29
50-51 46 93 18 43 31
60-61 49 92 16 43 32

2 0- 1 62 167 25 59 34
5- 16 56 145 24 59 33
10-11 59 150 28 64 33
15-16 49 125 23 55 33
20-21 50 105 23 47 33
30-31 50 94 17 36 34
40-41 51 96 17 43 34
50-51 51 98 19 44 35

3 0- 1 58 169 39 65 38
5-6 66 194 41 67 40

10-11 68 216 42 77 38
15-16 82 138 73 61 56
20-21 62 171 37 73 36
30-31 51 153 35 73 34
40-41 4o 136 31 64 31
50-51 42 129 24 60 28
60-61 47 119 27 55 32

4 0~ 1 76 170 46 70 45
5- 6 98 213 63 108 45

10-11 150 319 101 168 45
15-16. 81 164 65 133 41
20-21 65 147 58 88 35
30-31 56 104 24 53 36
40-41 54 99 15 48 36
50-51 57 90 19 41 32
60-61 61 76 15 35 34

5. 0- 1 81 209 52 76 45
5- 6 63 165 39 T2 37

10-11 56 134 33 58 40
15-16 56 122 31 51 39
20-21 54 116 24 49 38
30-31 55 109. - 28 46 39
40~41 50 98 21 42 34
50-51 54 97 20 48 38
60-61 53 102 19 47 39

6 0- 1 49 55 9 39 20

7 0=~ 1 76 196 31 56 45
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Table 1 (continued)

station depth chromium zinc copper lead  nickel

No.  (cm) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
-8 0-1 67 191 36 70 41
' 5-6 63 168 37 60 40
10-11 58 136 31 51 ~ 40
15~16 51 115 22 45 40
20-21 58 106 25 39 37
30-31 55 101 23 37 39
40~41 54 103 23 52 7 41
50~51 55 106 20 46, 41
60-61 52 103 20 42 39
9 0~ 1 71 146 29 47 46
5- 6 T4 161 32 50 46
10~-11 65 105 21 38 46
1516 62 94 20 34 43
20-21 62 90 18 32 45
30-31 67 89 17 32 . 44
40-41 64 88 16 33 - v
50-51 63 89 18 34 43
60-61 65 90 18 36 42
10 0~ 1 70 205 32 63 40
11 0~ 1 67 129 26 43. 46
5- 6 71 155 27 50 47
10-11 62 104 21 34 44
15-16 61 97 18. 32 45
20~-21 62 95 19 36 45
30-31 65 94 19 33 45
40-~41 65 94 20 30 45
50-51 64 97 20 26 47
60-61 68 95 16 33 45
12 0= 1 81 167 28 46 53
5- 6 83 160 28 45 51
10-11 75 104 21 32 48
15~16 T4 90 18 29 48
20-21 71 88 17 31 46
30~-31 1 83 15 31 47
40-41 70 82 16 27 47
50-51 70 79 16 27 46
60-61 68 83 13 28 46
13 0~ 1 64 158 32 51 38
14 0~ 1 72 133 26 44 47
5--6 71 108 22 36 47
10-11 60 95 21 34 47
15-16 68 94 21 32 47
20-21 67 90 - 21 33 45
30-31 65 94 18 31 47
40-41 67 94 20 34 46
50-51 72 94 19 29 47

60-61 68 91 18 30 45
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Table 1 (continued)

station depth chromium =zinc copper lead nickel
No. (cm) {ppm) {ppm) (ppm) {ppm)  (ppm)
15 0- 1 . 80 108 19 33 48 .
16 0= 1 T4 63 6 42 35
5- 6 T2 63 10 27 34
10-11 73 68 24 26 35
15-16 68 58 11 25 35
17 0-1 54 46 8 26 26
18 0-1 74 69 9 29 38
v 0 61 27 | 1 22 22
20 0- 1 T0 175 26 46 47
21 0= 1 T4 148 24 39 49
5- 6 78 120 20 38 49
10-11 79 85 17 32 51
15-16 77 T4 12 33 49
20-21 77 76 15 33 50
30-31 77 76 . 14 31 49
4041 80 T4 14 28 ‘50
50-51 80 5 13 27 49
60-61 82 T4 10 27 50
22 0~ 1 54 21 1 20 20
23 0- 1 57 29 5 22 22
24 0- 1 40 20 2 16 16
25 0- 1 43 29 2 18 20

387
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Figure 5 (a-j)
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P =f<c— Cpll—§)dZ (6.0

¢, ClBERDFTO BEEBEE (ppm), Co 135y 2 759 v FIBE (ppm), o, FHEEWET © #E
(g/em®), $IOERBDORBETHHRE, Z 3HS (em) ThD. AANWEEREPIL, Sy r /750 VY
BEYEZ CTARNSINAESBR O W IHEFTAREE L DO THS. 2O PEYSEORESEREC L - T
AUERT LIERDTHD L Table3 WFAT X 5 RMERLBL. ChoOKRC I T, ABMERESL
LT v a0~510 pg/em?, R 0~1700 pg/om?, #10 ~760 pg/cm?, #0~1200 pg/om?, = v & A 0 ~160
pg/em? O X5 IGHEEBAMN D5 LAbmnd, HEEEBENT O (No. 3 &) RO AT (No.4 &)
TROWThOBEELBIZOWTHEL, MONE S CRESUAOES B oV CREBGEGETH - L. *
o, FEFROPFEFETROLHERE (W5 1981) 13, 2 = A 30~2900 pg/cm?, FELR 100~8600 ug/cm?, § 40
~2500 ug/em?, # 70~1700 pg/cm?, = y & A 30~250 pg/em® TH Y, Zhb & higT 5 & FeEo BATERE
Wk ) D NBNBHERBERHFEORTO 1 BETHH Z Lilbrnk, :

Table 2 Background concentration of heavy metals
in the sediment of Ise Bay

heavy metal background concentration

(ppm)
chromium 45 - 70
zinc 80 - 110
copper 15 - 25
lead 30 - 55
nickel 30 - 50

Table 3 Arttificial accumulation of heavy metals
in the sediment of Ise Bay

station artificial accumulation (ug/cm?)
- No. chromium zinc copper lead nickel
1 0 0 0 0 0
2 60 600 130 200 0
3 350 1500 430 410 160
4 510 1700 760 1200 120
5 120 590 170 160 30
8 40 450 70 80 20>
9 30 250 50 60 20>
1" 20> 190 50 50 0
12 50 380 60 50 20>
14 20> 80 30 20> Q
16 0 0 0 60 0
21 0 250 50 20> 0

(6) ANAMMRELARHRBOLS

HEWPOESRBIL, Ry 7757V FRETRSNAD ALNHED L WBAANC LI 2ELE L ABINA
W IPELBST OB, BELBEOAANERE EFRECRETHEYRI T o, B4R
DERERE & ABHERBORELT S 2 EXUETHS, Table 4 BHETH (No. 4 5) & HFEE o~ —
A= ARHE(No. 5 B DES B AANHERE, BHRoETEE I 1960 LD A LR B R0 1960 4L
M BRHEREOM LR Lic. EDLHIbARL 51, MMEMRE b ABBERO XTSI 1960 Ll 4 U
T epvbhb. ¥, 1960 LD BAMERE & ABIBERRIE AT C, 148 -8 ot
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RABRERES BRMERE Y EE - (5. —F, v—-—AHETERE L L ABIHREIERERE
UTFOETHS. ABMERENAREREY COBE ERLIIERRECEER S L 202w Tit, #
B LR OME BT 2 ELBOWE « B 1 7 VEOECHEMINAHRLE-LERD ), BECHERE
B3z siceEisn,

Table 4 Ratio of artificial accumulation to natural accumulation of heavy metals
at No. 4 and No. 5

station artificial artificial accumu- natural accumu-
Yo heavy metal accumulation lation since 1960 lation since 1960  A/P A/N
: P (pg/cm?) A (pg/em?) N (ug/em?)
chromium 510 510 880 - - 1.0 0.58
zinc 1700 1500 1400 0.88 1.1
4 copper 760 700 280 0.92 2.5
lead 1200 1000 660 0.83 1.5
nickel 120 110 540 0.92 0.20
chromium 120 ) 80 . 480 0.67 0.17
zing 590 450 920 0.76 0.49
5 copper 170 160 180 0.94 0.89
lead 160 150 420 0.94 0.36
nickel 30 30 340 1.0 0.09

(1) BE2BAWELERE

BSREOAME LHERBOBRLWLMCTS 2 L3, ELBOWNENICET 2 WHENXRUSEE Y #
BT55 L CHEETHS. PFEBCANIhLESERC VUL, LHAITELIE X - TAHBEACEA
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DWEHEF DI &, BETDHRCAE» DEEBECARIhIESBENE TR TWRVWT L, @A
WMEOHEHECHENSDC LEOBAC L ILTLLTHA L0 LRI VEGY, FHECREGEL
TER O AVIG AT R 1.3 t/day O (BEBEHPKRROKRYZNARLE U 1973 5 1975 £ CTO
AHARER) HVT, 1973400 1975 % O 2EHO AR E LHEEBOMBRT . ks, O
CRIHHLOAFENAGTh T, ThAKEWEEL LWL MAHMOMREED 7 — & ¥k,
YA AR OB EEY L 0 OHWRE (BARRCAANMEREOND 25 1973 £~1976 F o0 HEEELR
B, TOEEBRMONEMESE LAV CERBOBERBOELHE L., 22T, BRBLIIMBHIE
BERESENLIOBIR L EETHC LT, BREOWTOHERRE, Lo 2B AME 949 + v,
HEWR 400 P v i h, AMEORH 0% FEREOER L0 LHEEIRS. B 60% 0oV TRl Oig
cER L BOFRCRT HIHEEROCBATKH L 0EELDRS. L, AMBERUVEBHEEREOMIZL
B OMETH D DT, HMWBENTAHT 5 DI ECER S BORELHOLENRDD.

(8) ELBEOAAMBHEE

BRACALNCHERE LEESBOBEL, NRELBRIC OV THMIERE Y ) O ABNEREOLRE
ACOE»SEEGLTE, ChPhoSERCH T W AERKC ALNHEREOPSEYE UCHEThIER
WAHTENTED CEARVUHMIR 1973 95, 198D). &0 X 5 & LTHFEBERICALNCHER LLESBOR
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S 1981 L BT B L, PEBOMELAE B\ TR 20~50% BETH D, BEHSILIEN
HE < BT BRI IE Y VAT DBV E L X 5.

Table 5 Total artificial accumulation of heavy metals
in the sediment of Ise Bay and Tokyo Bay

total artificial accumulation (ton)

heavy metal . /T
Ise Bay (I) " Tokyo Bay- (T)

" chromium 1000 . . 5300 0.2
zinc 4800 21000 . 0.2
copper 1200 - 3400 . 0.4
lead 1300 - 4500 - 0.3
nickel 300 600 0.5

(1981)

# Sue et al.
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TELENEFHINBDTE D, 4%, BUEHRCHET»HEL —EfHY SV TRIVET L LY, BHER
B AN ShcESBOWENEO—HEHOMT A LA THRERD EELDRD.

B, BRI LS LR TIGEE] - T OMRUTRERDH 4, ROz OMNREET BN
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