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Tetsuaki Nisgmoto, Keiji Funra, Hisahiko Furukawa and
Mamoru Yosamoto : Accumulation of Heavy Metals (Cadmium,
Zinc and Copper) from Smeltery on Forest Ecosystem and their
Uptakes by Shiitake Mushroom (Lentinus edodes (Berk) Sing.) and

Nameko Mushroom (Pholiota glutinosa Kawamura) through
Polluted Bed Logs.
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Table 1. ZHRHICET 2 HEMEOELESER

Heavy metal concentrations at surveyed plot in Annaka (ppm on dry basis)

ﬁ@ur%ygﬂﬂglii : & 7 B a 7 Quercus serrata

5 - ilr;%stanrf_i,i* Surface soil Bark Xylom

Pirection| " iy | €4 | ©w | Zn | cd | Cu | Zn | Cd | Cu | 7Zn
E 0.6 3.4 82 84 | 281 152 |1,463 0.2  4d 7.6
S 0.3 41.7! 107 | 141 3.02  22.2 173 0.16 50 1.9
S 1.5 1.7 3.8 83 0.80  29.9 83 0.12 5. 8; 4.8

* FEEEROERN DDA, FEEE
Direction and distance from smeltery toward surveyed plot
0. 1N-HCI A%, BAO oF—2ick?
0.1N-HCI extract, data from M. Kuramorol®



Table 2, EE] %5 i) D HE WL
Condition of surveyed plots

WA s V £ = m'j” %%h@ 'il(D fo o 1
il SR R P . - 4 odE T emical properties | 1 N
B Point i Bl L oo i # - of surface soil ~ " L b
. CEE o~ ) } Soil pH | | - | At
Iﬁrecti{%i Dlstdnce | Topography type | (HyO) | C i N | Vegetation
~(km) ) (% on dry basis) |
1. EBREBIUOZDOHT Uguisuzawa and surroundings
- : _ o
- i o ‘\ a T o= Y K
E 2 = i Upper part Bo(d) 4,3 \ 3.8 0.17 Pinus densiflora forest
) o ) 7 . ] T A =Y s
E ? L Hb Upper part Bo(d) 4.7 2.7 015 P. densiflora plantation
. | | T h o= Y MK
E 22 1 &5 Upper part Bo 4.9 | 1.9 0.13 P densiﬁom forest
- o . - e A F M
E 35 8 #  Middle part Bo 5.5 | 5 0.26 Cryptomeria japonica plantation
| | ; 5 T =y AR
i 52 | % 1 /
E o + o Upper part ‘ Bo(d) 48 { o4 0.2 P. denszﬂom cut-off area
Lo | — S R N . -
i . ‘ ! 7U7/LAK
w 2 ‘ H i Middle part l Bo(d) | 9 [ 51 C.32 Pinus thunbergii plantation
¢ e i | 1 | I A F 7T MK
w 4 H o Middle part Bo(d) i Queﬂ’cus mongolica var, grosseserrata forest
H o : | - = p Z F E M e
A 11 h w0 Middle part Blp 5.0 6.5 0.32 C. japonica plantation
o IR | . T
w 20 Gentle slope of the hill top Bio 4.0 8.4 1.53 Q. mongolzca var. grosseserrata forest
- . .‘ X F i bk
W 32 | B #  Upland Bo 4.6 L4 | 0-86 . japonica plantatlon
i 1 H ~‘ ke I o o
S 11 s B Upper part Bo i 4,2 5.4 | 0.36 175 id R
- . 7 ] I
S 20 i #  Middle part | Bb o4 10.3 | 0. €0 Castanea crenata plantation
| = ; ! I JEL
S 32 £ Hh Upland é Bip 4.8 6.2 | 0. 38 1 (Jmss land
L. |
| 1
) | _ T | A 3 K
N 5 th ##  Middle part Bo } 5.1 | 6.9 0. 44 C. japowica plantation
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Table 2. (—o7%) (Continued)

s o 3 gt ol |
WoE oo + b} %(hemical roperties i
_ Pomt—w # W b oo i & R of surfg%e Iéoﬂ R oL
- I T Soil pH | § | .
g?re cti{c%l Distance | Lopography type (H,0) | C | N Vegetation
(km) | | (% on dry basis) e
: ; : o | A F H bk M
N 13 th 4l Middle part Bp 50 9.6 0. 84 C. japonica plantation
N 21 i #  Middle part Bo 46 | 7.6 0.41 PR
N 35 E #  Uppre part Bo 5.4 | 10.6 0.73 H it

| Grass land

2. /INRET B XU 2D Kosaka and surroundings

£d

Quercus dentaia forest

, o | ¥ KO
W 11 = bruid Upper part Bo(d) 4.3 | 12.7 0. 49 C japqnica plantation
W 25 i i  Lower part Bio 48 126 0.72 RO
W 38 x #5  Upper part | Bo | 4.7 ‘ 7.8 | 042 g}ass land =
< : o1 ; . 5 | 76 A F 5 AR
W 55 th I Middle part Bo(d) 5.1 11,1 0.76 C. japomica plantation
ETEE s _ . _ 3 +F H
E 6 Gentfé: slope of the hill top Bin(d) 4.9 8.2 0.65 Sasa land
P s i 1 A F O
E 9 th % Middle part Bb | 43 ] 10.5 0.63 G i A atation
4 et a { - : 5 ‘ I X M
E te E wb Upper part Bo-Poy 4.4 i 15.0 0.93 Q. mongolica var. grosseserrata forest
3 - 7 i 3 i 9 A F & bR
E ‘ 26 =] 3 Middle part Bp 5.1 10,0 0.62 C. japomica plantation
‘ . : s 7| 5 T h o= v M
E 45 & =l Middle part Bo(d) 5.7 ; 4,7 0. 29 P. densifiora forest
N p . . 5 . T 1=y SR
E 61 L e Upper part Bin(d) 5.5 | 4.6 0.28 P. densiflora plantation
E 81 & #1  Upland Bl 5.5 | 8.1 0. 48 A v 7
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Table 3. HREBLIUZORALIT BT AHEMADOESEEER
Hcavy metal concentrations at the surveyed plots in Ugulsuzawa and surroundmgs (ppm on ary basis)

HEHE QW T T 20

4

]

jﬁ% llr%tq\ & = = 1 S (T ‘ g 5 i\ Decic’iuous broad leavefl tree -
Surface soil Patasites japonicus | Pteridium aquilinum ff" Bark B Xylem " -
cﬁ Cu | 7n cd | cu Zn | Cd | Cu zn  Cd Cu Zn Cd | Cu | Zn Species ”
2.98 1 22.5 ‘ 241 | 246 200 118/ ' |
0.81| 36| 70 ’ | i 2.00| 4.4 9 0.3 1.9 | 10| Quercus serrata
0.06 5 8§ 45 i Lol 183 52| 1.00 20 26 0.29 23 12 Ihid
0.12 8.1 43 | 0. 46 ‘ 7.7 27 < ,’
0.50 | 21.5 ‘ 00 4.67 | 36.0 64 | |
[ _ o B I R _ _ ! _ R
w2 a1, 8.5 67| 173 28, s 16 Thid
W 4 | : 9,59 | 21.0| 231 | 1.57 | 21.3 54 0.50 24.4| 14 Q.g%(;f;ég;;lf%t;'ar.
W | 11 08| 74 53 2.16| 2.6 761 2,19 181 84 |
w | 20 ‘ 0.43| 10,0 4 L 0,27 | 17.4 37, 0.67 9.3 55 0.49 2.8 16 0,05 5 6 TIbid.
w32 0.41 i 7.1 85 | | 27+ 12,1 | 70 057 2.1 i1 0.10 L5 3 | Ibid.
A i B N e i O it -
S | 11 075, 91| 119 3,49 | 18.4 88| 2,00 4.7 4] 02 20| 10 Q. serrata
s | 20 | 04 53 52 ‘ 0.441 140 55! 114 4t 20 009! 31, 11| Ibid
s | 32 | 0.20 5.2 45 L 1.54 ‘ 24,5 66 ! | | |
| I ‘ 3 | | ¥‘ 0 -
N 5 i 8.01  18.8| 182, 506 7.5 10l ‘ ‘ . 2.83| 159 100 0.28 1 3.3 20 Ibid.
N | 13 1 Lsol 103 67 45| 7.0 29 i 0.6l ’ 23,5 133 0.06 | 22.2 17 Qg’;ﬁ)‘;’:ﬁlﬁ%t{:ar
N | 21 | 062 5.6 67 | 2,71 28.6 | 77| 0.40 2.4 23 0.13 L 271 12, Q serrata
N 351039 3.2 00: 104‘265% 71 | |
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Cadmium concentration in surface
soil at surveyed plots in Uguisu-
zawa and surroundings.
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Table 4. /NEHI B XU ZOEATICHY 2 AAMSOESEESHE
Heavy metal concentrations at surveyed points in Kosaka
and surroundings (ppm on dry basis)

Jrdl%lj:r{ftﬁ x B A é}**'* JRZER Dcc1duous broad leaved tree
.| FEE | Surface soil | [leridium - \ T
HiL DISH aqmlmum !>< Bark ¥ Xylem | i i
Direc-|" " ‘ B ‘ .
tion (t}a{tgc)e Cd|CuiZn | Cd Cu|Zn|Cd Cu|Zn|Cd!| Cu| Zn Species
W 11 4,53 22,8 88
W 25 2,010 24,3] 143 4,30} 31.4 91
W 38 0.72, 8.8 25| 1,67 25.9 91
i . _ Q. mongolica
=4~ $
W 55 2.58 32.6/ 218| 6.90] 33.4 97, 1,32 5.4 27,2 0.371 1.44] 7. 66‘ var. grosseserrata
1 |
E 6 ] 9.87 51.4 62| 30.2 80.3] 309 2.0914.8 | 85.1 0.31| 2.49 5.25 Ibid.
E 9 11.6 | 35. 3 169 10. 4] 29.5 147 0.83 6.15 29.5 0.09| 0.77 2.97 Ibid.
E 16 | 4,23 25.8 90 16.0| 42.9| 116 0.9915,4 | 26.0 0.12] 2,69 2.13 Ibid.
B 26 | 6.79 15.2 119
E 45 |1 0.44 11.0 64| 2,03 32,0 96, 0.58 3.12| 17. 1‘ 0.07) 1.28] 9.02  Ibid.
B 61 | 0.33 21.1 44} 0, 33| 28. 4 95 0.49 4.66| 26.4 0.11| 1,30| 5.04 Q. servata
E 81 | 0.22 |49/ 0.36 10.6 62 0.53 3.41| 12.4 0.07 1.55 2.18] Q. dentata
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Table 5. gy, 52O GEMERGRICEBT 20 F1 U s 8H%
Cadmium concentrations in forest ecosystem at polluted
and unpolluted plots (ppm on dry basis)

g ke Upper layer tree ‘ ‘ ‘. 4 B 5011

IR P Ak | gp BT R S
Point e i*I‘dgéiﬁk; M | Bush| Sasa Grass| Fm“f”LAﬁE-ﬁﬂf
lLeaV%lWigg bark! bark\ ylemi '} } root : layer| rizon rizon

I |
Polluted area 0.38 0.12 4.95 0.53 3.55 9.82 1,48 4.23 2.26

(/J\Dx El
Kosaka
EINCIE 1
o areq | |
U?ﬁ’;”‘iﬁed dg;i? 0.08 0.23 0.36 0.11 0.08 0.71 0.16 0.60 3.30] 0.50 0.39 0.02
3] | ‘

Hatoyama

| |
| | |
)* | 0.96 0.28 1.82
‘ \
‘ \

| L i i o o s | ! |

S 3 Y X+ 5 Kosaka s ), mongolica var. grosseservaia Jglys =% Hatoyama ; @. serrata

el B3, Bo(d)-soil Diluvium, Upper part of gentle slope.

L

Table 6. 7 7 CD/EHE R T~ VBIOESEE %
Heavy metal concentrations of bracken at each growthing
stage (ppm on dry basis)

LBAT ¥ i %Ugu‘(:iz\uze;tvv};3\LS » K%Zsaka B
Growthing stage ‘ ) cd ) E Cu ’||" ' 7n - Qd g Lu T ln
b ona © % 0.46 7.7 33 0.33 | 28.4 95
i J)Sggh/;\ﬂ\l;}‘{j{z] XA | 0.45 6.3 33 0.37 ;‘ 28.8 64
il :/J‘)Co%/idgmk’?li ﬁjx;sh 0. 47 6.2 2 0.20 i 13.4 60
Pl 0.28 5.0 27 017 | 8.2 39

TN T F I HRIC B AREEE i LT Table 5 ic;x Lz,

G, JERR T b REL (AB) TRTELIOA VI Y AGHEENE D -/, DX
HPNETTICE { OWAED DO TIEHMIN TV A, CZEBORDI FTEL LS TLEYL S EaEEW
[V, I > TEEAELT 2 LV OPHERICE - ThbaNnc b s SNTNBY,

FREEDSEADBEAR S SN A F 0 28HRER LT, COAIR, N0 ORBESLESHERDE

WEBAIC L LT LTV L IR 5D ERIENT S, Lip L, SO Tidy il

guith, JGERHOOTNOBE BMBOBEMEI D EH F I ADEHRBED - 0 SIRFEH T S
FRBATRBOALTEHL, KB Th->EbEb o7, B8, WRE LBLNIcEBT A3 50ES
TREL (B ofHERE, G E LTED0REN I

mT HEELLND,

DV DML SITLHO TN <, FRICH

THTHY, BLORBOABDHETH -,
-5 75ENELBEHE
R REOY (0N FovE
I
TY 5 e, &

2T 530, LH AT — VR BRT D05 NE L IR PIC OO THRET 5

STV AT A LTS /MEESL & MIAE3SHLAIC BT, 4BRBOEF AT — VICH

SEAEEAUE Ui, #5513 Table 6 1ORTEBDTH S,
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TSENDAF I LGEE Table 3, 4 J'C)Jiﬁ"ck :) JC, 7 —7 5'0)7'3 ]"; i ‘)J
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7 F T AIEHER .
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bracken by boiling in lye. STz HENZ DWW TIREROBEMIZD SN

-7

PED LS, 77 €@A FI9L82BIRLPT <, HRTEPBDEOEERERT CEHAL
Too LIeS-T, ZOXIBEHEDEH NS DRIHUREMICT S WM A& ThHAH

iz, BMICRTBAEOCEEZBIELT, HAHETEOREDON NI v aREINLhLBE Lz
ECARD KD IERERNBE SN,

BB Uy svidodd, EBEOHNIOMBED 1% REBKES MY v aKEKRICAN, BEEK1S
MWEBL, BELLI FIvs2ER U, 208K, Fig 5 WRT XA FIvL2E8FROENE
DR EFEHENENMEAER LIz, UL, AFEOENLEDOTHIYSEHRER Y 7 e BEL T,
7o

IV MAROEEEBERIY

V-1 ARIYLBRINEENEASAEAXENEFTLELRBRIY

FEEOHE  BEAE QLRERAL, pH 5.1, C6.3%, N0.45%, Fe,0; 10.2%, MnO 1. 34 ppm,
Zn 160 ppm, Cu 109ppm, Cd 0.94ppm) % 1/2,000a 7 75— R v M2, FrEOBEICES XD
IKHh B v s (CACL) #RBALT, AFEAN (1-0) 23 AT DMk Lz, 5, Bk E LTHi%, @
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THIK LIz, Ry PO OB LUHIL2 & Ui, BIRIKERBBEND N 7 AR Tl - 70, BN S
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F LK

197281 I A X OBRET 0D, EEEOBDUREE -~ #ERIE Table 7 D& B TH
%o

A IV ARERKICONWTRAT2LRDEBDTH S, 77 FI9LEHE & HADBABNCH
&, MEARD> 2 EAESH D> 2 FEFESHUEEEDONITED L, HoXMTHELE L, MrbEksic
ONTEF LTV, REOUFLREREOYFATEEL TP EELL T, COXHBEmI

o8



KSR IC 2 AP OEGEER & v A 27 10 E ORI (FEAE ) — 13 —

Table 7. # ¥ v LDEHASAFHAOEGBIUCIIZ I 28 (19714E5)
Influence of cadmium supply on heavy metal concentrations of
C. japonica seedling (1971) (ppm on dry basis)

# 4 Dry sodil W = Wet soil
K Leaves i . Root ¥ Leaves | " . Root
Heztwly( m) l-year- 2-year— Stem |lTYear- 2-year- l-year- Z2-year- Stem il—year- 2—year~
metal (DD old old old old old old f old old
0 ‘ 0.33 0.73 0.83 9.59 2.68 0.29 0. 67 0.72 8. 00 2,72
| | i
cd 20 2,27 2. 20 4,55 119.8 80.5 2.70 2,42 5.52 159.7 32.9
50 7.41) 16,0 18,4 | 646.1 | 230.6 8.41 12.3 9,73 555.1 | 234,4
200 | 143.4 | 196.0 | 206.9 |1,842.4 | 489.2 84.8  120.2 | 135.5|1,602.6 | 490.9
0 6.37 6.71 6. 98 48. 8 30.5 12.6 10.1 7. 7Oi 49,2 39.9
Cu 20 9.52 8.00 6.04] 55.3 39,6 11.3 8.25 8.47  48.4 17.5
.50 4,49 6. 67| 6.981 56,1 15.1 5.49  11.0 6.86  47.9 22.0
i 200 3.58 3. 85 9.52 43,1 30. 8 5. 09 4 07‘ 9. 40 57.9 45,8
! S
0 84 159 117 554 | 216 90 153 ‘ 144 642 195
gn | 20 111 216 | 132 549 | 313 71 199 | 119 592 209
| 50 90 149 112 524 223 62 174 | 95 502 161
200 | 115 168 125 407 | 178 118 171 ‘ 92 482 206
Fe 0 386 886 322 ‘5, 623 |1,710 783 |1, 587 4,457 13,680
200 136 442 316 4,368 2,270 351 442 4,226 12,951
s } - T -
Mn 0 133 170 ‘ 67 1,456 345 155 190 | 720 i 475
200 194 182 60 378 110 237 240 | 380 | 1855
RBFTHM SN AFHOLETORDENTO B,

N}

VEFELIEDIITET U, Bamibar & R{EHhr & T

DEFRIT, MFLERD> 2 |ER>HS 24
FH 7 (L8 - TinT,

WERDOGATHRIL, AR > 2 GUEIR > 2 4RHEZE >0 > WAL B ORI U BB aL & SdE#per & T
BT SR - TonT,

Pz Eind, thoOBEBIZER, VB, 2 ULl &, AFENTOBHIR/NS
W ERDPY, ZOMTH AFITLE BB LKW IEREVZ D, —BRDEIEHICENT
b, #FIYLABHNIY BRI LISV ENFONTN S,

YT, AFWMAMF/EROBEBEERO, tEPORERGBEFRICHT 2 EREADE, A NI VA
FH 9, TREMNIA 44, VA VIR LR, IR0 46, B0 1AL, T, TbDl &
Mo, HFIYARHAORDSIEF RIS NLT 0, IR ek 3 oAz z nEBE
UISOHED D L E0A S,

L, 1971 AFEO TR DN TR oA, T2 I VIR L7 Table 8 10789 & H Iz
KOG D A A,

MEEOT LSS FI o AEBORINCSNT, ALWHAOEDEON FI v L&ERZBMLTO
rehs, MRETSMDOBIADOEEIN Y & S TREEP -7 UL, =Y H VYEEBTEEERMEL LD,
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Table 8. 71 I3 9 LDBANAFHADESBEIUCTIS I EE (1972515)
Influence of cadmium supply on heavy metal concentrations of
C. japomica seedling (1972) (ppm on dry basis)
: -
- | ] R 2 - D il s t soil
Tem | EORE % L Dwsl Bk Wet so
H e I ) | e
snt cd | x| #® i S % 18
(ppm) Leaves Stem Root Leaves ‘ Stem Root
0 0. 33 0.24 5.25 0. 62 0,61 6.78
cd 20 2.22 5,72 33.2 6, 04 4,97 87.3
50 9.74 16.9 360. 1 11,5 17.7 301. 6
200 71.0 219.8 1,250.0 80. 1 1141 801.1
i ‘ - 1
0 ‘ 5,95 5. 09 41,2 5.52 5. 41 41.0
Cu 20 6.11 6. 26 72.6 3. 30 5.59 42,3
[ 50 3.95 3.99 64,8 5,77 4,67 47,6
} 200 4,10 5, 60 73.5 ‘ 3.91 5.43 | 43,1
— L — S ‘ i o ‘
‘ } 86 44 | 210 63 38 | 220
7 J 20 68 45 333 80 44 254
Zn |
50 53 40 i 233 | 69 51 ‘ 246
! 200 75 82 i 202 107 65 | 194
Fe 0 766 4,120 an 3,875
200 634 4,154 | sl i 3,269
Table 9. # FI v LADBAMAFERAOEBTICRIZTEZE
Influence of cadmium supply on growth of C. japonica seedling
D | 1 Dry soi l = 4 ,
| i gg B & ry soil - L & 4+ Wet soil
FE R L = | gmeam 2 R e | =y
| B - d 2 e % f ) 3
Supply | t%op" BOLE Dry weight (o) i ﬁTOf BILE Dry weight (2)| i %
Year (pom) | length diameter | 3 |- i Note | length diameter | 4y b3 | 3 Not
ppimy | (cm) | (mm) | Top Root ote (cm) | (mm) | Top Root ote
0 19.5 3.9 4,5 2.5 24,7 5.3 9.0 4,3
20 19. 3 4.5 5.6 2.8 28.0 5.7 .8 4,8
L | -
1971 50| 20,0 4,5 4,8 2.9 [ 21.2 5.0 8 3.3 yooy
2500 16.5 3.8 3.3 1.8 | 18.0 4.5 3.1 Lol
! Chlorosis
K % %8
| b | Dead Dead
‘ teaa |
o 28.0 5.6 15.1 ‘ 5.0 30.7 5.7 12,9 4.8
20 29.5 5.0‘ 14,5 | 4.8 30.7 5.7 15,3 5.5
1972 | 50 317 5.2 14.6 4.6 27.7 5.7 12,4 45
L2000 19.3 3.7 6.0! 3.0 L2055 3.7 5.2 2.8
‘ | % A
) | 1,000: e  Dead \ . Dead
* PWAKR1AKYM7D Per one seedling
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ETEOOE B MEANS DN, FEREOEERSE 18- T,

AFMADEFE Table 9 DEBNTH - fco LHPO N F I v AGHEHRL 20 ppm BES TRAE
B LASDRNEN S A o7, L3 LGHYD & 9 TRISh - o LK TE 50 ppm T
ERBDNIL I 5 o8, 200 ppm TR I/EE S 88 7c, THIZ 1,000 ppm TRFA AT %M
75 HDMAE, B, SOEHEMET - THIEL . WK TR 50 ppm S /EHEABIDN, 200
ppm 7 o EIEAHG M & AT D I X e,

SRR BICHA SN, 20y 207 n oy A0l Lod <, GaniiediT 4 &

W HEODNTOEY, MHOBBT L EDHEND - TR s, 2 C L BEB D (LD

BRI, 2R Cic 26D EHE SN D, 1971 FEOREBTE, §i1X 200 ppm OHEDOHEH

RHARIC LA D IR 12 TH D, 7 08 v 28B0h L, 72 I OFEBRTIZE 1K 200 ppm
TREETROE T LD, 7oy EREBLNIED, - /o, FOFREE, 1972 BB OGN 71
FEOBOIOARNE L, LE-TH Py A g 20N K& o fcc Link 2 b o LS

/Z)O

SR HARREBIC s < & B F 2w 23RO FR 9 L& T, KRRICE D

FR S AW X

AW LNHbNTED, WKEHTTRIOL D BENZERT Y, AMOERT

RO O KEZ IR LGB E o /o) hy, K ERAXORICIRYID & 2R EB RS0 -
Fom
/-0

HAFIC BN T, —RICEEROY K39 AGHRIZE T 1~2ppm TH D, WK T 4T O
BHND BRSNS £ 51T, AT E B b opm 5 4F1CCHBNTNA & Hbhd, Lizhi-

DITNbDEEZ ONB, L, THHH

T, HFI Y ADHEIT 2 F DB ARE LT 5

T, HF 9 a0fiics, i

W, MBECESTHHERINTV S, BERBICE 2 HHOLEBIE
TEMOE S, —RIcHaE MBI Sd 5 0N aY, ZOWETED I ELEOER
Rtk DHNFOITHH K 3 A
FDLERICHFELEL TS, BLRBICIAEMWET 2 LT NEHE ENERLTD, H VIV LR
HEVHEELBNEEL OGNS,

V-2 MADOBRICHT2ELBOBHEEE

(D AF - Fr=nv/ FOMAOSE

EEBF K 1/2,00a07 7 F—Fy bEFD, BHRF BEELK2H) BRUr ey E 2
~0) AMERRED 7 OA4TA Y b—7TH 7 AETKEE Ulco KBHEIZO SN2 b DEBEL LT,
N 40 ppm, P;O; 25 ppm, KO 30 ppm, CaO 10 ppm, MgO 10 ppm, Fe,Os 2 ppm & L, pH (&1 @&

70D

<\

pesit|

A P10 A>T OIETH D, HHHMTEA FIvAakbE

CEZAFTIRE.0, ry= Y/ FTRESICHE L, £, NHREIHAET - 70
AR A DRI, (O 7RI Ay bicDE 30uCh WHEEO 7 4 1 0kEE, DIFRL) ©
Cd-115m #15, $iT 8 FHHANC/AKEHEA S U, H0F 30,Ci o Cd-116m A3k, 9 i Cd-115
BEBVKBHE TR, (2 9, 10 iz Cd-116m &Y, &L, S5 AFROVTE, 38) 7

~ 9 J11C Cd-109 #e kU fe & @ B ikl Ui,

SO OKBHC BT Cd-115m B L0 Cd-109 A4 2 7 i hid, 4 ) ¥ — & L TKBHEDH F 3

U LEEEES 0. 1ppm 2734 XD LA F I v Ak
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9 AWA 1 ADR OB KL, 4sCi @ Cd-116m % &t
B FI9L0.5mg AKIFRE LTET L

Cd-115m WIS S AL £0FED 12 ATAET, %72 Cd-109 ZBL S S HiAl BE6 AR
FTHREE Lico BEETH, BIRO®RER, KIRLEICHT TEMAORSEERRIE L,

FeHE DRITE k12 Harocastier 59 55 Ca-45 QRIFICHN - b DABER Uiz, T1bb, Bk
AEEERE - WRTOM LIk, EBAmLCEIMEL, BRRY TFVT AT o4 PERBALRLLE
NT VY VF LA —THENL, YVYFL—Y g YAV E—THE LI,

R L2812 A fucB 2 Cd-115m O fIREE: Fig. 6 D& B0 TH -7,

7, 8 AR SRS ¥ ZF TR, EHBIcET 5 AFEMRSIEHL, R DA - TIRES
15Tt ABTRHPLCMET 2 HENBANEL, FLOBSTIRED >/ TOLD WERRED
BB BEHL0cem) THTH GRED - 15cm) TEEUTH -7

9, 10 BIcL I A TR &KNICT, 8 ARRDBA & Pl @IEH 505, REPAIHRLI
ENDES DD - T

Fyeoay ) FICRPL BN SEGAE, PRIV - RETRbEP - b, RE - BEOARH

I, rETAY ) FIEOVTR,

9, 10 ABDDTIZ7, 8 ARILD b DITLATAREO Puliii~D ARG DRV T LRZAF DL
HERUTH B,

7 A5 10 Ao CA-109 2PN & B A ¥ AH4E 6 AR T CEBT IR ERE, Fig TIORT LB
VTHoTre COBAICE, FHLIERINIARPICS CA-109 235375 LTz, BTORES M~DLY
ot —ViE, AEEATERIZEE 12 AFREOBAZ DTV, HE~ORAF AL ARBOH

8 1974427 | 8 JIWHL Taken up in July and Aug and, 1974
3 1974479, 101 MUL Taken up in Sept. Oct., 1974 6
<45
4 44
— 3 43
=] W L £
‘E 2 Upper part 12 \'%D
- f stem =
Elem 1 ° 41 1w
s
lwe 0O 0 o
_E _E
5 5 T
z I z
=4 14
& 4 BT 13
’/L‘ £ Lower part ] Fig. 6 E»r oI INni
4T 2 t 42 .
it % of stem Cd-115m OEAD Bic
w d
1 ﬂ i BY B
0 0 = 1o B
NN T T o w = KEAE (1974 12 )
22 2Rz ERE Z 3 5 MaRs Distribution of Cd-115m
A E L s A B S taken up through roots
e © Eﬂé iz Wik in stem of seedling
iy ) 2 B
Tl o @]
ax n&_g e ) 3 (Dec., 1974).
C. japonica 5 A. hirsuta =
=
i
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Fig. 7 250 Wl (1974 427 ~10 1) Fig. 8 FE o B (197449 ~11 A)
i CA-109 O = FHHT B 2 4 SN7e C-lsm D v sn /3
T (197546 H) HOMICEBY 257 (1974 4212 J1)
Distribution of Cd-109 taken up Distribution of Cd-115m taken
(in  July~Oct., 1974) through up (in Sep.~Nov., 1974) through
roots in stem of Sugi seedling leaves in stem of Keyamahannoki
(June, 1975). seedling (Dec., 1974).

DEADISEIE ML {755 Tz,

PR DLEEMIZ, 7 A5 10 32T CA-109 2 WIS ¢ TRE 6 /IR LT ABTISHEBALSS -
EBE ROT7, 8 HIc Cd-116m % WRE ¥ T 12 AR T THEBIRZLDT, bodtbE0
9, 10 JIKBRERTI2 AKZTABT SR LD TH b, COMUBENEDIZE IO 7 K 9ok
HHRICH T 2RI D ) F 3 Y L 8HRIE . COCEDDH FI v AT THBICE S HET D,
IREEIC 4<C”ﬂ£0Jl~h;|L\&B«$Z@Jb’cfrmf:@f(if;wﬁ&ﬁﬁ%‘%é:méo 7o, REANSEHHOBTLz0T

HAH Do

3

1B, AFTRMMERZETREFRICREBESRONLD, Fyv v/ +TRASERELNRL
Motie TICAFTIHIRIC 2V BBER SN TORDITHL, rveny/ +TRELEBEI T
B e DTHIMNEE D EHERENG,

KT, r¥=ay/ $THEPS CAd-115m 2RI X #8412, Fig. 8 10RT L 5105 O B X &
B EICEANT, BABOYELE DK TEEERDDE &0 S AR 57,

(2) THAEAFOEL

R8T E MERBREOMMICHBNT, 5500 ORBA v b 2T 4 AGHID 5 7 HEEAR A A F %
IRBE LT IKBHEERI SO 280 2 HIEICHE L, JKIE7KIC N, PgOs, KoO DLEE 232 241 10, 25, 30
PPM CIS S K DICTHIRT Y= 4, Y VEB—HY VA, BIOEANY) 92552 7, HEEFBED
PH BT 6.5 ICHEIL, %7, BHBEESET 7. 50059 HETOMRER YT & iciEll s

SULERCTH Py LBEAE 0 Lppm, F7203 1.0ppm & UoBRETHEE L, 272, 10 ALIE

BAFIVLEEETRNETEL L,
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Y AEE LOppm TRHFLAZLOD 55 2 RERE 3 i, FHBI0 2 RIZE 44 3 Ficiie
o 20 cm O OWAERL, SEMLOEGBEARSMEL, T, WIMELTH FIYLER
LI TAPE Lz b DL DT h RRICRIE Uiz,

WEREEE 5 FI U LEFE O lppm OB AR, H FITABRNOESEARLOBNIZR SN

hotze UL, 1.0ppm OEAIZ LTI EIEE T
LT, AX¥ ORickl s BEERO—RNIE OIRES H P U AERINKO 2F 1020 T AL L

Fig. 9 & BUTH /e B FI T L,

M, BLUESOWITNOEGBEOGEES, KK - FEIEMAR
ThodbiEmd, WNTEDWAICHEET 2 202, SO 20RINCEET 2R POINITET Lic,
KRBT IRBAARENNTE D 5 728, £ 5 B TR PN @mnEnZR L,

1R AE 1. Oppm RO Fig. 100 0E:BHTH 7o # FIULEHZLHED 2 O
T, B FI Y ADEGHRIEENS - & b, TN - TRBEET 22078, XSIKER
» FEFRAR D UCAR < 78 » Tio, BFE DI T, SifIGEN I EGFEN D - 12,

1 FR =0 LA B AED 3 AOSMRER, PRDETICET 28EENE - b E <, Al

e HOMUTE L 78 » TN, COMEMS A FI v aB5OFE2 Btk
EEDITO D8, AT - CORDDOESNIINE D o oo FIONIIOATIC DT, Hul
TH - EHEL, AT - TED L, 8T TELPPEINL T, KIBICET 220X 55504
WHBI, H P v aBB50RE 2 LB 2 RELTNE LS LSRR -TWD, T, COXIBHH

IRABIE, TATIEA F v 258 ARICEDN I 2 — Y (Fig. 6) X UTH0 5D,

ALDT ERRAT B &, WROEA LR, Mo Bilshies FI v ok, FFHHcEEs
O, ZOBRAIOFLEHIABE LD TRV pEESNE, T, KR THEBEOZENEZD
NoDo —RCHRNTOMRBITHEOBEL, BroRNENbDOBAHET - T LEHTLE0bNRT
CEREBPBHE S A RTHZOOT, # K1Y A0BEORKEVIHIZIZH UE

BIFETIHREICER L LR ONTH D, hvy T ARKREHOEFIC
Ho-THEL, BRINAZWENDNEDT, CORBROEATEH FI U AR—EREEE - TR L
bEZ oML, LipL, ES5KEPMEDEARMOPLETEERNEELECHELLE, VORELD
DIGFD DT EHERENS,

KD PRI~ DEREDS, AFWHATIRE »pLEDbN, 7TEAZFTRIBBRNES Bbhic i
BHACHERO R E X DENICLALDEEZON D,

ORI, BhORIRENIH FL T ald, KETRPLEANE CHEET L CEBbhrot, COX
ST ENHRATEIEECITONTNE L LnEEDLNS T &, B FI v aa2BALEL -2 FIC
BT LRIy LDaiReE (Fig. 9 2R »Oo RSN,

128, COERTEY FI o2 R LAEFED 2 AOHETE, & FIvA5HRIITDEIERS

RIECTE - Ebmbpoice UL, 8- AT, BRTHEL ORI S84 LRtz D

3

Y

KD BRIRE L S 754 - e

A, RIS 2 LIRS O THE R I N AL TR, KEOFERITLOH FI v LE
BEIEHT DO OORTH CAOEBOERE—FKT 52 480, ZORKERDOI IICHE Lic, £
BICET Uled F U 2BBREICHAETERT 2050, HEOH FI v 25HRNAFOERD L F 3
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LEBROFECEBESAEEBEIES, BTH FI Y LANEBEL SR EINIEEZ D08

HTHHD, T, BrDOEFERICELLRTOEGREOMUERDOKER» S, —F, MICER LI FIY
LAAEBICRBEH LR EHE LT, MEREBET L L0BFT LT E

EHODERTE, # FIvAZELLRNESEBACE, BRTKEFAN~OBEIAEDILTIC
TbNn, ZRFICHRINIKBAOER LN BRIEEDED 7o ORI O, BAMER LK
X H FI Y ADEDLORIROBEIIARBOFRICET 525G, O EFAINILN T L HEET =
%o

B SWI U BSIC DO TSR TE L - 7o, ZOFEDOARE~OEDBEZDLHLNL KD T
Hoteo B SRILEN MRS BN LE - TREJT 22 F3b01®, Wb oRRSNAGE EEPe
BLOEARICTELITHS, UL, AHOFERTE, RREORNEEO 1 HRICE T 250704423
NIZICBREROOT, SOBHMSRB LB ATORIBVELEbNL, £/, #HEE-THED
BEGEOTNTH DT, RINEE2DEFEIEHINEARLTOREREOMIENHZICLTH, »
D EBDEED 72 bDTHA S LHEING, MADTE L AFTIRTELEDEOTH D, HOH
B - e EG L ORREZECIB N TOREBHRELEARNESHELIONEDT, ¥ v — 7RG
MHLNIDTRBODE BRSNS,

W, EICAMAOESEE, BEEEAERENENC &R, H FIvaEBE5LLVWESDST (Fig.

9 BR) , HRDOBERMTOREERREIS WO THb, COLIBLBELAAEULHEED —2E LT
B, REPICREET ABESBRETREENE LI itk s 42 N5, 4020 EICIEMALE

S72hS, B FIVLAERL OISR IBEATE, HEDDEESTHEAER L TN EEAB L, B
EIRZDOEAREE N ELT, BhoBININTEDERELOMAE LD EDOWMITOEBAZT
TNBEDTIRIRODEH-RING,

V ARy - FAO0EEBERIN

HEBEMBOLZOMFICEBT L2 F 503 XF S BAIRO LB, BELHICOELSBNEREIC
BHELTWLCEMHBP Uiz 20X MNAE VA 2 r B ORKRICHE LD, HA0IEF 4 2RED
BBEWCRRT 2L, Y4427, A 3BESBLIBRIN, SOCABRNBYAZNABNLDH 5,

EREEOESBIINCE LT Schrosoer 52929, Kroee 517, 7k, 5 LU 530 QI HS
HBHITHEBR . TDENYA R BEDIDMEEROBIN & W 2 B O 3 H-0Hi0 5 & OB B
FAUcETORMEPRRONE,

ZHRORCDESUBRDD LEGBAFTROSZVERND, YA 4 e F2a~DHh FIT L1
e SR EDTIN - BET 2B T AL LB, ZORIEEAZPLNICT 270D RTOL S RE
BRAEIT - 72,

V-1 % B F &

COEBRTIT - 1 RBEF L, YA 27572 aTHBLTEY, KOEBITH S,

1) WBEBEREICE B v

7+ OB (HARRFEE LTCd 0.12ppm, Cu 1.67 ppm, Zn 4.55 ppm % 45) 2 EET 1202
&, Kb (Cd 0.34 ppm, Cu 8.94 ppm, Zn 52.7ppm) 30g A/KThbhE&bE, 80ml OEODH
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Table 10. 4t & &~ 4 % 7 B o

Characters of Shiitake strains

b2 i Morphological character

EA = Nt Vi g M ; N
o E W T Hi Tt 5 B 4 4 Pileus | 5 ¥ Stem
Strain numberi Yield | Growing type i 5 ‘ kox X \ " B s | % X

| 3 . Weight Size Color | Length |Thickness
Mok 13 i |y, Bo® i UN)~ih e | . .
3 oy R 3 Al
g’;}‘)’ f{f?bt Middie Summerypﬁ ‘utumn Light <E§\nﬁ£1e Pastel } Long Fine
ok 6—6 | % i £ % (é/n;;m[ ‘
1bid. Much Spring type | Light Middle “
‘ I |
o iea |4 % B . Attt | o we w | ow w
Moot 16—3 % A it o i) Wl o
Ibid. Much Sprmgt,ygeutumn: Light :Snl\}l?(llldk Normal | Normal | Normal

# KIED, BIULHESD QWS D S Arranged from Y. Nacat ef al. and M. Anpo® ef al. data.

T AL VICATHER L, 120°C T 90 /&R m Licih, BINOMEAEME L, 25°C T2 » iR
#h, BWICHGE Uiz, THRAEADBENBE LA, ©VECHUTHBRO —+2BWEDOH 7 AV v —
VICE L, BB WEEE B 5 1505 DR FE S
(2 JE Ok kB
FAZE 1m $ /002 50 cm (R, WIKICK DI EmEAEM L, $0R - BRNERREOBN
DR T TR L7,

IEN e

P Lo v A 2 r BRI, MEERBRB T GET BT AR O REER T, KBRS 1f Table 10
TR LT,

3 4 8k

Tk (V-3(1) o&dic, v A 205 FREOESBEERLILKS 2881, FRIEOIA S, 4
HAT—VEBEBTHVEDH L CEBRDONIDT, LSO EAIRT, 39 EREIC 1S
Licbo (Fig. 11 Opic#ls) 280U, #4 &7 F245 L THTRIE LK

TSRO, §EO DOMBEROEE ERAKTH 5,

V-2 BEBEERCLZ VA 2750

1) A4 &7 FEREBAOESEBEBEROEBFT AT — VI8
HEIVLERLELUBOE YOS B0 1900, HFHCRAZRY 23 DOFFE (BARTY WL
BRE 16-3) A HWICAE AT — VORI AETHRRL, T, 4, Y, B8XU 7+ OFKWAICH

U TERIBSTRENE L. £0MIRE Table 11I0R LA, & ICEEEE S T b B
DERRAWILL Tz,
BFY U AOHAEE, Figo 11 0ORS X I TR—BIC, BT > 2 GREGHO T2 81)

A >0 A OICHD LT, 88, Sitgsitic CA-116m A L, R4 LicdFkho Cd-
Sm OGHIREEZ A — + 594/ 5 7IicHi-THAE, Photo. 2 TH OGNS X D ic FHELD JH0E,

o e X OWAICER L TN AT EBED LN,

FRIRDEIAICE T B2 FI 9 a0 RE, —RBICEFRTF— V8B N TE T 2 EABERLN
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Table 11. &1 277 (16-3) THRAEZEBADEFTAT — VT LOERBEER
Heavy metal concentration in each part of Shiitake (16-3) fruit
body at various growthing stages (ppm on dry basis)
S 1
B 4 B Heavy metal ‘ Cd Cu 7Zn
TEBRF-IF V 1 | T
Growth stage I o | I I ; n it I i ! 1 s
Ja 7  Spores 2.06 | 3.53 ‘ 32.8 21.6“ 103 118
& (BFEais) “ e .
Gill (including spores) 1.08 1.65 1.46 15.4 ‘ 14,0 18,4 85 60 125
7 % Pileus 0.63| 0.77 | 1.33| 17.2 15.8| 150 102 F 94 153
7 + Stem 0. 51 0.35 ] 0.70 7.7 9, 4 9.0 52 47 58
7 . R | 0,71 1,13 1.35| 13.7 | 141} 15.1 80 79 102
2 fk Whole body | (0.07)) (0.11) (0.14)| ( 1.9 (1.9 ( 1.5)| (8.0 ( 7.9)| (10.2)
* Figl 11 BH  See Fig. 11 o o -
() WL, &Y Ok 90% & Licls) kidd 3 ppm
Figures in parentheses show ppm on fresh matter containing 90% of moisture.
m 7% Stem
774 Pileus
— 73 -7 (lrzen) Gill(inciuding spores)
7 4
8 D B47- Spores D
= =L
S T HE &% Whole body I
; 9.0 ™ . st. 16—3
g 8 3r
E -
5 g
§ 1.5
g g
- £
£
2 Bt
s>
S 1.0 g
/ =
151
4 : 7 g
: 7 Fog
5 0.5 : 5 st. 1—3
L s 7 C 4k
& . ) B
H - - 2
#* =
7 Tong /{‘«j .'?i
o LB Z80 # 8
T 0 { ] i
I 1 It 1st 2nd 3rd
EEAT—2 Growing stage SN Order of fruit body formation
Fig. 11 v 4 277 (16-3) FHEEKD Fig. 12 v vkimic s 2384000

EBAT~ VT EDEHMD

A E Y LAER
Cadmium concentration in each
part of Shiitake (16-3) fruit
body at various growing stages.

EBVA 2 FEERON ¥

I AGHEDED
Decrease of cadmium concentra-
tion of Shiitake fruit body ac-
cording to order of fruit body
formation,
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Table 12. ¥4 2 FREAKDRHT & DEEEIIL
Heavy metal uptake of Shiitake fruit body in each strain

FEREOEHF BEagkomgREaaiicnd
% #% Concentration of fruit body 7{%;%11 ?atm of heavy
Strain (ppm on dry b;}sis) metal in medlum ( 6) -
Cd Cu i Zn Cd ‘ Cu | Zn
1—3 0.99 (0.10) 1.7 (1.17) 79 (7.9) 34| 26 % 26
16--3 1.40 (1.40) 13.0 (1.30) 84 (8.4) 84 48 } 45

% - ﬁb:VA%\mC/ CBU BFEYNMIEH T TOTEEISOT
R IR ARSI % ppm (K4 9098)
Remark : On the first three fruit bodies at no cadmium supplied bottle.

Figures in parentheses show ppm on fresh matter containing 90% of moisture.

720

(2) v 2 EORTREOES BRI E

FUEYhoRd Ul v A4 27 55K O BEEBESHRLRENFIMCE~E E, 7 FIvse5HRIT

Fig. 12 (ICRT XD, WINOBERBWINCHAE L b DB EEnEIIA R Lic, COME, HEED

VERBEREO N F LY ABHERFEBCETT A EICE T, KBBLT IR0 ED
N5,

JERely, ABUOHESHELSARK1-3 L 16-3 TR, BLBWNOBEICHEERR LN L HELIT
DT OB Z DTz, BIRORENMNICE 2BBAEE LT, TRENDOE Vip I LFEERD S
L, o 3HEETTOFREETHIET AL Table 12 2BV TH 70, THICKDE, BR16-3
DFHHA FIT L, @BICHMRONTNOERRIOKRE N ERESHTHEH, LIKH FI VLT
T2 DMEEDE L

T, TEAPBNUCEESBEORBRENOABICHT 2E4E, 7 FIvabkb-EbRE TR
WEhDT N EDBNOhTH L, 251, HRI-3DHH1-3L0LESBEBRNLLTOHESS
LT EDBS b,

() BRAOH VI v LEHRY, VA 275 FEEOH VI Y ARIRE & RAEBIKITTHE

27 TREOESQEHROTEYE, B2 0EGEEET 2 00, BeEE AL SR%R16-3
DEHCHPE, FICH FIvs, ZRRLPTORKEAHOTRELTE CEBBEE EEZ SN0
T, UFTORBRTRCOBEEEH A EE L,

KRR, © ORI B Y AERARAL, BAOH N U AAEROBBELED, H
F16-3AMEMEI R Ure (DR LRBBAERICOEHBEeY 4K (971 EE) B L 8K (1972 48
ElL7%,

MEAICHERE Lo B3 80E, & F 394 24ppm (GEBEWHEIE) DTor v TREICIEADHKENE
WD BEOEMBIUE NI, COLI R Y TREADRE &HEL, FHKR Mot H
%ﬁéfi%%bh?%%@ﬁmFg43@&$©fﬁﬁﬁaﬁg%@ﬁpigbgﬁgﬁoymmm@
BEETRRERNOEBIIDIS - 725, 2.6 ppm 10725 L ABICHARDFD, 8. 1ppm TRIBA L
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©
o)
Jln

6 a
1]
3
o— " 1972 . 100
5
4+ =]
T ©
e 1971 g
2 &
Wz, g 1972
S 2
E 0 I 'l\m -
0.1 1 10 100 i
55 GATH . <
Cadmium concentxatlon of medmm {(ppm on dry bhasis) ? E 50 +
Fig. 13 $EEEROH ¥ v LE 7 &
o
iy 4 2 (16-3) THEAED I
BRI RIS R i
Influence of cadmium concentra- Dz
tion of sawdust medium on yield 7]] §
of Shiitake (16-3) fruit bodies. 2 8
78 1971
Y E
%@E LS - 720 ,Lé é
w g 0 L
Wk, HREOHN FI v LEERNEL T, * 35 0.1 1 10
e " o BERD S P 2T LEAE
FE LIcFRIKOTL BRI BT R SN iade Cadmium concentration of medium
o7 (ppm on dry basis)
- - . Fig. 14 {EEEREOH VIV LE8H
PSS, BETHINEEYOREES i
PN, EETHINERYOMBESREL EaA 4 (16-3) TEED
TEELNHDTHEDIHL, 7 FI v LRE B FI Y AAERICRE TS
HEOETAZOED L RET MOENT LS, Influence of cadmium concentra-
) tion of sawdust medium on
Sommer®® Lk B L, BEBICK 5 EOMBIER cadmium concentration of Shii-
DREAE, BEROBRBLEICHIET 3 X1b take (16-3) fruit bodies.
N, COBEPLE N FI T 2008 HREICRSEBED D LHERINS,
FEEDH FI v aaFREZ, Fig. 14 IKRTEDIC, BBEOH FI v AGHEERENEEEH K-

TWizo FREDHABRERERFEEICK > THEODEIRONIS, 7 V1Y LAFRTHIERK
b oFEaMUBIER U, 88, TEEOBIAIEICAHTS Table 13 0L 5ic V-3(1) D%
BRREE UL nERBRE N,
Table 13. M#EEOH NIV AGHERTED VA 27 (16-3) FHEik
g‘n ’{ioDﬁ }‘:‘J]l\ ’ﬁi

Cadmium concentration in each part of Shiitake (16-3) fruit body

from medium containning various cadmium contents (ppm on dry basis)
EREALND Cd | ] T
L w3 |7 GeEE cat) |, P
Cgflrlizr;lgz?ﬁir%n ‘\ Spores G ndu dmg sporcs) Pileus | Stem
. . ‘ _

0.15 | 2.1 1.7 0.8 ‘ L4

0.96 ‘ 16.6 : 6.1 .8

2.6 ‘I 62.1 23.8 | 15,3 J .2

8.1 61.9 19.5 | 19.6
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Table 14, # F3 v JA7J\{{+{&{)L(E H’A\/QPOO) AR fﬁﬂf Rl NV Aé\T}ﬁ%
Yield and cadmium concentration of Shiitake fruit body from
bed -log soaked in cadmium solution

- . e
1 ié?@%' % g B CTHERDA K YA
PN N Cad = o ) L - Cadmium in fruit body
Cadmium bzrrlglgfml 01;; Yield (Dry matter gflog) | (ppm on dry basis)
solution [ . | : -
(ppm) dg‘l;pgzlls?‘?) o7 ’ 1973 1974 1972 1973 1974
— S ‘7”,7 - — i R 7717 !
0 | 10. 4 8.5 | 10, 4 L4 5.8 7.3 8.3
2 11.3 \ 7.4 ‘ 8.5 .6 30.7 . 44.3 20.8
6 70,2 0.5 1.8 3.2 65,3 39.3 25.2
20 162.1 0 0.6 0.2 — 36.7 49,1
60 o | o0 I —

V-3 A R OREAREMEE
(1) AABWICH F 9 La8WIUsE R EA X 2
MZS MR EDO 2+ 92 10K CEARNER 8em, BX 50cm) 924, 0, 2, 6, 20 BX S
60ppm DH F I Y LFHICBRRE Uicth, WR16-3 2L, 3HHBEET - 7.

BH%16-3 O FEDFERZERETH 50, SROFEBRTRIOTLENOKIC I LA A, £ T
KPOFHEOFSZITELY—AVELT, EIEORERED FIvLE8HELE LM S L Table 14

DEBDTH A,

2ppm HEREEATRITREORKLICR S L0RBISONLp -0, & F Iy 28HRIT I
DE LT 5Tz, 6 ppm A EEEATRYMFEERISERIZDIEL, H FI v a8G8RE & 7208,
FOEDICONTRIERS L CBD, BHRE FH 70 CORQETHNCE L VIRRIC & 3 LI
TEDHFI T AGHEOHENELNTO S, LL, ZOBARTREOBRRBIELUEADS FI L
DB NT » 225D T, RABMICRD L NER LR, FADOHN FI 7834 h03AAE

NCHEMLTHBY, WHick > TRBIEE LIcbo SR SN L, ORI, &
B (V-4 (4) OXHITIHGM TR S F LU a2 L 2R 2 EARE LicEBAIciE, 2, 34RE
1%,

THTERERDS FI Y LEGFEERBEFLIENC &0 R

HIcbDTH L0, R

WRIEEAD SRR TEKZEZEAER LTS, E5IC60ppm TERESHELEPL -/, &
B, TOEBRTHRA UfTHEEORT, H FIvL28HEOESE, fEE LT 66ppm, FKRTRT

20 ppm |

ppm TH - 77, L OEIBIREERK e vEBREICB TR SR EE S I EB - e lTH Do

(2) A 2 DFRBZROH F T LB

PRBREEMICK 2 0 VR TR 16-3 & 1-3 O EG MDA IR Uicds, < C TRER 6-6 21
CITH F 27 L0 DO THURIREHC K - THBR U okidih i~ 2,

oz, BUREE OVER), BXORARET
EBDTEH T,

HHDH FI Y AEHEE, 16-3>6-6>1-3DIHTHO, 7 FTHE16-3>1-3>6-6 DIHTH - 72o T
DX HICHBRINCE 2FREMUC 16-3134 F U 22 WINPT OHEAR LI, B8, Cn5 3D

2T,

i

YA A2 TR REH S Table 15 iR

DFRFEOH F I L EHRAFY L iz, Ihodr, BRUHAPOINETE Sl & RFERE,
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Table 15. HRAZTED VA 2 TEEDH FI v ae8/R
Cadmium concentration of Shiitake fruit body of various strains
(ppm on dry basis)

S T part 5 4 Pilleus /) % Stem
SOR/NIER A T — e o i -
5 % e Locality of =S I N R R = R L e
Strai bed log | Tokyo | Tochigi | Mean Tokyo | Tochigi Mean

rain e | | S
1—3 2.04 1.42 i 1.73 0. 80 0.78 0.79
66 1.96 ‘ 2.06 | 2.0 0.58 0.56 0.57
16—3 270 2,29 | 2.50 1. 00 1.07 1. 04
v 2.24 1 1.92 2.08 0.79 0. 80 0. 80
¥ # Mean (0.22) | (0.19) | (0.20) | (0.07) | (0.08) | (0.08)

) NEFRAEMRMCES 5 ppm
Figures in parentheses show ppm on fresh matter containing 90% of moisture.
Remarks * From where the bed logs were taken.

B YA FERORAEFINC L 2 EEEEHEEDEN

MOFHFFROPMIC X 2B OESRERMEICE D TIRAZEMERET, 275303 XF 58 ED
BRI L, B 16-3 28 U TRIEAIT - 7o

ERUMRECSOTOERL 3E, FHRAEATA LIEYD Thr 5 2 E 0B O T4 TR0,
Z DT SR ERIC D - THEERERAE URT BRI S20T, Znb o RBE L TEEDOESR
EHERE, THRKOFRLEAMCAEL ERDEBD TH 12,

B FIYLAEHERIL Fig. 16 5 Wo bk

31210, 11 BT A1 Fetk L bOHE <, 24 »§ N
DIBEIEICHA L, 3, 4 ACHICEIES 7 -T 5
Wi %7, Fig 16 CRLEESIC, @icon &
CHRALESBEKHBASNLN, thEETA  F | / \A
£ L THIED 5 T : | V)
BHTRCNLD2o0ERBERNPEDE> | \
FEABR SN, T78bh b, Fig. 17 IR L~ 3_ \
E9IC, 3, 4, 5 ACANEL, 11, 12, 1 AZ JI"J

5 |Amnaka S 1.5 \
BISIE > 10 ZOMEOWIZ, 7 KLU ADH L }
KB E, BPATATASENE B, i K\ N N e v °/

L U B
FMAMJ JASONDEFMAM

Pibokdie, FREAODEEBEEHROFNL ;)\M JIASOND
1974 = 1975

= 1973
B OET 3 HAICONTEZ THIZN, BT, 8

BEERICK S o vBEick T, BRilicsed L

]
=
<

-

Fig. 15 HBEHFYHEOFAD S ¥
LA 24 (16-3) FEK

TR RIKIZEN 30 MBS oo O &5 DO FE A B ESE G
BT, T DT EEBHICL T O HBAE S e s

) Heavy metal concentrations of
Aofbe THHE, TORBCHNIERLE-3 Shiitake (16-3) fruit bodies germi-
BEOR 4, 55013 TEEERE LTINS, = nated on bed logs from heavily

polluted area in each month
DORNCEAR O F I 9 L-083E A RICRINE -—(1)Cadmium,
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MEN 5o THHIKICIE D St A ) e P RIKICBAT S 40 BN THEE TIRET 2 TERICIEDODL
FTIEH T 0 LPMBEA SN iR, TREETOEERIELL 5,
ﬁmmmi%&mKﬁiﬂ%ﬁFiﬁb@%w%%ﬂﬂnt%%@ ZRL, ST 45%, HETR
50~602% DKIEHEE VWb N D s MATRIDEMNEDE M TIZE AR EFE AL, HeiZh
@%i@%ﬁ”&b@?m%%@@&bTDéC&@ﬁé
A B EIT AR

i

WELIL L T EMHTE T 5,

L, 1 20EE R, BEHESHOLET AREE LT, MICENICL 2 5E 2K OB HE
oA 2y DRABROEERBIUEBICEBERIELTNA L EEEZONIDT, X 5ICKRFAES
5LCATHS.

(4) JI]l/f\fjjrf \l/ [E Jy: V”I‘ B A §Z/]Aj } ﬁxg)i/\h; /H % o

A & RS, TORUEFOBEC X 2B ORGEERMEICH T, KHABATHRLcar S
BIRFFIHEDRICY A 27 DT 16-3 DEGRAER L, #2717 -7,
(BAR) ZROTRHDIzv A 2
% Fig. 18~21 {Z/RT EBOTH - 2o

Table l, 3 4 \/j\ /h.JA/l.,J

%:/f\uo)égrij ;H $O)BEH/1\

BRI AGHRE, BURDOEDOEEEIEN EFHET S EHED N E

3, A HiERE LD TY, 10, LW AICKELAEBDTH RETH - 1o,

BRSO e, © OB

FORD O 54 28 ppm
LHRHICHVES (i E0.6) Th, ¥4 27 FHEETHE, 11 H0MEs 44, Lppm &, 2hiE &<

RO HICTE - T, 0k, 1AHFEETHEEDOS DI, b E0.6 OEAN L 197545 3 Hic

HEL759.9ppm TH - 72, TOfHEI, mmﬁNt%MhﬁﬁmiéEVﬁ%@¢A@”@”@ﬁ&mz

40

v basis)

w©
>
T

concentration{ppm on dry basis}

-
S
Zinc concentration{ppm on d
~
=

b

g 20 \ \ Annaka S0
(&) \ \ \b

o \ . ; «

= * . AN

: — 3 L 1 \
i’ ¥\ ’,“‘ \\
# ‘\ o N

Annaka S1.5 Hosokura W 12 \ AN #i
\ 42 501
10F

s

Kosaka W38 Annaka $1.5/
/
N
4
BT : T I -—
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Table 16. F x a2 @7) FREDERAOEREAAR
Heavy metal concentration in each part of
Nameko fruit body (ppm on dry basis)

3 7 Part Cd Cu Zn
T ex (ATEED) . .
Gill (including spores) 0.55 29.6 142.4
Vil v Pileus 0. 34 ‘ 23.9 85.2
¥ EH 4 Slimy substance 0. 36 20.9 45,5
Vi ES Stem 0.12 10. 8 53.9
. 0.28 i 18.3 76.7
& % Whole body ©.019) | (0.92) ( 3.84)

C) Wi, &Y Ok 95% & UBE) s % ppm
Figures in the parentheses show ppm on fresh matter containing 95% of
moisture.
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Accumulation of Heavy Metals (Cadmium, Zinc and Copper)
from Smeltery on Forest Ecosystem and their Uptakes by
Shiitake Mushroom (Lentinus ecodes (BERK) SING.) and

Nameko Mushroom (Pholiota glutinosa KAWAMURA.)
through Polluted Bed Logs

Tetsuaki Nisumvoro?, Keiji Funra®, Hisahiko Furukawa®

and Mamoru Yosnmoro®
Summary

Introduction

The pollution of our environment, air, soil and water, etc., have very rapidly advanced in
keeping with the development of industry in recent times. The heavy metal pollutions of
agricultural land are often taken up as an important social problem, because of the accumula-
tion of heavy metals in foods by the chain-reaction between soil and crops. Among the heavy
metal pollutions, that of cadmium has been paid the most increasing public attention in rela-
tion to the “ouch-ouch disease” (Itai-Itai byo). However, those of forest land have hardly
attracted the public attention, and there are few reports on those problems. The writers
attached importance on the possibilities of the heavy metal pollution of forest ecosystem, in-
cluding the edible mountain herbs, e. g. bracken (Pteridium aquilium), coltfoot (Petasites japon-
icus), etc., and those of “Shiitake” and “Nameko” mushrooms, the edible mushrooms, through
the polluted bed logs by the chain-reaction between soils and forest stands in vicinities of the
smelteries of heavy metals have been suggested. The writers designed a research plan to
throw light on these problems. They attempted to confirm the heavy metal accumulation from
representative smelteries in the forest ecosystems in their vicinities at the outset of this
research. After finding those facts in every selected district, they examined the behavior of
heavy metals absorbed by forest trees in the next step.

They also examined the processes and behaviors of heavy metals uptaken by Shiitake and
Nameko mushrooms through polluted bed logs, and the effects of heavy metals on the growth
of these edible mushrooms. In the writers’ opinion, the obtained results above-mentioned sug-
gested that the heavy metal accumulation in forest lands would be important in the social
problem on human health, though this is a preliminary research and more detailed researches

on the selected districts should be indispensable for the settlement of this problem.
Analytical method

Analysis was carried out according to the method proposed by The AGRICULTURE, FOR-
ESTRY & FISHERIES RESEARCH COUNCIL. That is, after organic matters in milled-and-
dried samples for analysis were digested with mixed acid (H,SO¢+HNO;+HCIO,), the residues

Received January 28, 1977

(1), (4) Hokkaido Branch Station
(2) Forest Soil Division

(3) Forest Protection Division
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were prepared as 1N-HCI solution. The amount of heavy metals in the prepared solution was
determined by atomic absorption flamephotometer. On the other hand, the presence of cad-
mium was also determined by the same method after extraction with organic solvent (APDC*-
MIBK** for plant, ADDC*¥*-MIBK for soil).

Accumulation of heavy metals in forest land, caused by the

smoke of smelteries

1) The content of cadmium, copper and zinc was examined in the surface horizons of
soils and the woody parts of KONARA (Quercus serrata), sampled at the forest stands near the
smeltery in Annaka-city, Gunma prefecture. As given in Table 1, within 1.5km from the
smeltery, the content of them increased with decrese of the distance between the sample plot
and the smeltery. This area seems to be intensely polluted.

2) The examination to classify the area on pollution extent was carried out by chemical
analysis of the surface horizons of soils, sampled at the forest stands near the smeltery in
Hosokura-cho, Miyagi prefecture, as shown in Table 2. As given in Table 3, the shorter the
distance between the sample plot and the smeltery was, the higher was the concentration of
heavy metals in soil in every direction within 10 km from the smeltery. This area too seems
to be polluted.

3) The same kind of examination was also carried out in the neibourhood of the smeltery
in Kosaka-cho, Akita prefecture. As given in Table 4, the concentration of cadmium increased
with decrease of the distance between the sample plot and the smeltery, in the surface horizons
of soils, in the bark of broad-leaved trees, and in the body of WARABI (Pteridium aquilinum
var. latiusculum) sampled at each forest. As shown in Fig. 2, the similar trend was also found
in the content of copper and zinc. The area seems to be polluted within 25km from the
smeltery in the directions of east and west. The relations are shown in Figs. 3~4 between
the concentration of copper and that of zinc, and between concentration of cadmium and that
of zinc in the surface horizons of each sample plot.

4) Both at the polluted forest stands of MIZUNARA (Quercus mongolica var. grosseserrata)
and at the non-polluted ones of KONARA the concentration of cadmium was examined in
soils, in forest trees and in other plants, as shown in Table 5. The highest concentration was
measured in the surface horizons of soils and in the bark of trees, both in these two forests.
The influence by pollution seems to come out especially in soil.

5) The concentration of cadmium was examined in the bodies of WARABI sampled at
several forest stands. From the figures given in Table 6, it is sure that they uptake cadmium

easily.
Uptake of heavy metals by some kinds of seedling

1) The relation was examined between growth of seedlings and the concentration of cad-
mium in their bodies, on SUGI seedlings (Cryptomeria japonica) cultured in Waener-pots with
various amount of cadmium chloride. As given in Tables 7~9, cadmium was highly con-

centrated in the current-year roots, the 1st-year roots, the stems, the Ist-year needles and the

* Ammonium pyrolidinedithiocarbamate
sk Methyl iso-butyl keton
#kk  Ammonium dimethyldithiocarbamate
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current-year needles, in that order. Cadmium in soil less than 20 ppm did not have any effect
on the growth of them. In the case of being planted on wet soil, one of 50 ppm also did not
have any effect, but one of 200 ppm interfered with their growth, and 1,000 ppm killed them.
In the case of being planted on moist soil, even one of 50 ppm interfered with their growth,
and 200 ppm made their needles brown coloured.

2) The distribution of cadmium in plant body was examined on SUGI seedlings and
KEYAMAHANNOKI seedlings (Alnus hirsuta) cultured in water with 109 Cd or 115Cd, as seen
in Figs. 6~8. Uptaken cadmium concentrated mainly in bark and phloem in both these two
species. When 115Cd was given to KEYAMAHANNOKI seedlings through their needles, it
concentrated mainly in the current-year woody parts. The similar examination was carried
out in 7-year-old SUGI seedlings. As the result of it, at the start, cadmium uptaken through

roots concentrates in phloem, after that it moves into the center of xylem.

Uptake of heavy metals by Shiitake mushroom (Lenfinus edodes)

and Nameko mushroom (Pholiota glutinosa)

1) To find out the accumulated parts of heavy metals, the concentration was examined
in each part of the fruit bodies of Shiitake mushrooms, cultured on saw-dust medium with
them. Higher concentration was found in spore, gill, pileus, stem in that order, and it in-
creased with growth of fruit body, as given in Fig. 11 and Table 11.

2) The difference of absorption capacity for heavy metals was found among the strains
of Shiitake mushroom cultured on saw-dust medinm, as shown in Table 12 and Fig. 12. In
every strain, the highest concentration was found in the 1st-born fruit body, the next in the
2nd one, and so on, on each medium.

3) The relation between the concentration of cadmium uptaken by the strain No. 16-3 of
Shiitake mushroom and one in the saw-dust medium with various concentrations of cadmium
was examined. As shown in Fig. 14 and Table 13, the former increased with increase of the
latter.

4) To study the yield of fruit body, mycelia of Shiitake mushroom was innoculated on
logs for cultivation, immersed in the solution with various concentrations cadmium for 24
hours. The relation is given in Table 14 between the yield of them and the cadmium con-
centration in logs. The logs with 2ppm Cd did not have any influences on yield of Shiitake
mushroom, but one with 20 ppm could not produce any more.

5) The difference of absorption capacity for heavy metals was examined on bed logs among
several species of Shiitake mushroom. As given in Table 15, higher concentration in pileus
was found in the species No. 16-3, No. 6-6, No. 1-3 in that order.

6) Mycelia of Shiitake mushroom (No. 16-3) was inoculated on logs for cultivation sampled
at the polluted area, and the seasonal trend of their content was examined in fruit bodies. As
shown in Figs. 15-17, the concentrations of cadmium and copper were the highest in fruit
bodies, respectively produced in October and November, while one of zinc was in May, April
and March.

7) The relation was examined between the concentration of heavy metals in the bed logs
sampled at polluted area and one in Shiitake mushrooms. Aa shown in Figs. 18~21, the cad-
mium concentration in fruit bodies increased with increase of cadmium concentration in the
bark of bed logs. As to copper and zinc, such a relation was not recognized.

8) Nameko mushrooms were cultured on the saw-dust mediums with various concentration
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of cadmium. As shown in Fig. 22, the high concentration of cadmium in the medium decreased
the yield of them. As shown in Fig. 23, the cadmium amount uptaken by Nameko mushroom
increased with increase of one in the medium. Higher concentration of heavy metals was

found in the gill, pileus, slimy substance stem in that order.
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