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Spectrochemical studies of woods and trees.
(III.) On the qualitative analysis of the chemical elements
in woods and trees by the emission spectroscopy.
Shigeru KUROYANAGI

PR TR T A NEL R T 2 HEE LT, BA0ER YT 5, FER{LaET R o
T, OHF AFLEOHFENIC ENAEFEREC X 28k @QRNERIC X 2500 BRI 241
CIXoTE DN ARRICEZORBLIFHE T, hRERMERT2HE @R ETEER DS
B T5, EEEHEORTELERT 28, G«0EFI®S. ZUT, TNEDE < TER
CBELC, BEYEL, BoMYoMErIEEITs0N 2L, By ESE S 285K E R
EFREETER W RLAEFSL, Bk %\&Jb BranitEry o e, cofn
BT, EREYET 2 R, RS xHWHEE 7D

B HEEFNC R 5, KEFEhs, ﬁﬁ/fﬁﬁﬁci,ﬂaﬁaafm R EHEDT A
¢, FRCEEIEDI0%E E L H 2 AL b T Tl ngs, B TOSETHD,
ﬁr»@#@amﬁ%hﬁzﬂéwbwmaw,@%&w010p -, BBIGEFEMBEE T
W2 #ETE (Microchemical elements) DAFTICIE, EEREOREARLEANRIETEE L { Rk
2, BEFEA ERTRELG AT S . - 7

EHET COEREETEO SN Y, I RIC X0 TR T BB, SNST L gy
H, MCZ=0fREFHEED® L Lj‘* J?FEJ RO MIATRADTH 505, koK
WCEIARR DFEITLZEOSHTIC, UERAEC RiE s #HEREOT, Bkt
T 5Pl oEBIc, 5L —/’S..oﬁ I, BEOBIEVET2LTH 2

ARSI ﬁ@Eﬁ@@&mio;,%%ﬂ”ﬁmmi”%ur¢“ﬁﬁ %m%ﬁ%ﬁmﬁ
BOBEOCF R XI3HESN, ~Vr<~vSRxERO W LD, B~y P X%,
R LA~ OPZ RSO #TE, BICEFN R <7 T X BT SRIE D k5, &«
HEFE~DIEE S, 4BECHEEADDLVDS,

AFRICRCTE, EORDEFBIE e, ARPWOCEIARD B R ORYTTFHED ”%T&
7 PR, EEATCETAMEREREL, BEEANLOMITOWTE, BRickHED
RETZ2OLVTHS.

FBREOERIC SO TIE, BAETh BB T/ Rl ER E e, R
n%ﬂ%I@%E ETEERR, oFFECRY 23, ERESEEE  Bas-  Semp

—( 92 )—



1953423 B BEA Mj VAN O 55 SBALIAR B (5% 330D 93

K, HRTERSEIZ B W, W0
%ﬁ‘ , POERERRYT A BRI O M 2 D, ﬁﬂﬂ*“%l}_{ﬂﬁ‘! "“’Wﬁ% dfl’TL_E:L’ B FEORE

;%5513@%5 [ES EapLiikic ’L,Lti, PR ENT RINENE, BR EENE
@%4 YR AN S E

2. BB R UCRLEERE

(1) =~z b (Spectrum)

i (S\) €, rlm% (.O> LL Lﬁl .%E:éé”, / EDENEA (P) é:;ﬁ")u}c_‘ﬂ‘:

%wﬂ Af<7l\WMvE£E% fEEE (T) w20 5s, B
A EE AL T Lo
(red «—— violet) #4-F
3. COEOES
E, Rz (L) 20
ENBLDTH S, KEE
WO T S R B B
¢ BEREEOGERT S
7, CRELEREDRECLT, 7 XA X a3 L, TOWEREO A~ FASELA
B, CHESNBETDL—BCROZEE LS.
(2) BEER 7 P o SRR L DB E D EERATE L kT AT, RCER L EE
TEEELN S,
(B Fx~z b 1 2y P ADEESY, BhialTtEbRLZ 0T, FELTHTC
rBL0TH . ‘ :

() B R <7 P A 0 HIVCHEBEERI DD 0w, 32 UTHERL ESETEC XoT
BeiLs,
SESRCHABILE S0, SBROERR~27 P ArThoT, TooH3TEE, &3

BRRC LDT—ETD 205, E%Muiﬁﬁhﬁm;of,x%ﬁ@%k%%m%,X%i
ENCIEEDR R IC L oT EDBEFREIND

AFRHA 7 P LT, B~ ]\JI/L%RCE‘HZ DI, N E B R O L
SHREBLTA~s PR 2R, ZOREMEDEICHEY TR RKENT WS LD T
Ofrtwwﬁm%hiOL,$%W IDEFEPHE SRS, sz LT, BRI
WDBHFTICH W BILZ,

(i) 3R ~17 b I ST B

RTSOEIR < ~ 7 F L 2B 2 BOREFRICE, W”,MA KIE, BEWE, 5907,
TESEIC IO TRIBRDEA LB, LR, BRTHEL TS, ek soTh, 20

BYEFER 2 P VEFA—TE 500, HEAMETEYEAFETEREIRT, A7 Ak,
ZOREOHG L RAT, MEATCTOREOTFAELER T 2EX RS, e ri’FHrEEs
WORETH 5. .
—BICHE—ODPTEEF L LD A~ P AVRBERL, XENZEDROBI IEATD 205,
SHHCIZE LB L AR T ETT R bR, T ETTRICE 2 kTR (Peristent line) &
WELDFB S, CHEEFOREOBREYERBL I T T L, B bIBERERL TS



o4 PR BRI ORI WME 2w

P, THLTCEBRETEBIBT WS LbOTHOT, CORERTETECOWTHOTE &,
READEBHCONT, BB REDOKEESFROILBNENC LT, ZORNELERYAHDHE R
HR BN TH 5. '
(i) = #®

AREFCF Hoe D28 1, [ IR e SIS AT SRR EEN ,
a) jci‘fr',l KIEFASEE (B2 ’

b) BHEEES (BE4)

¢) QF—60RIs ALK BB (BER 1)

d) Keger v X=@| (BmE 1)

- F 180, 160, 220mm ¢ :40, 15, I5mm

&) SHFHEZHA (FH3)

f) SR— 2 Rl (FHE5)

TRV, N THEAETEREEO L0 TH B,

3. MHERUEEBASR

F—O RO i T, &, RORCZ0ImMg, B, EROZoHmH
CDWT D IE0EBRTHE L 2dd, AN~ TIE, £ 0B b7 zl)nD’Eé"O c,
AN OICREARD 5 T/ TN TS Ltix@%mkﬁ Rodn <, HRSREREO—IRIC

L

HAL L I E cic o TEMETIEHICER D AT, KT8 H SRR S
AR (BEZTmI00V) I Xo TR KIER AL B EEFREEEN

. AV PR, 0.005mm FEHERIE 2090, 8 "]

BHREELY v v = Hard spssisi (10 X 4in) i
i, FD—31Emic X b, 20°C T 740, & bnymisit
ﬁ,ﬁﬁgﬁ&mwﬂibfm K%ﬁLf,?ﬁk%@x
~7 b VRRERIL

FUERE PR ,WMDWMNHMW I, RE U THEE
FKEIEDOTEERT H v, FIROESIIEICE, T4
#,iﬁm@?&@%%%m@fﬁ%%iiwm#m#gﬁ
5L LD T Bz,

-—— R

20‘¢mm

____&?.-5‘ mart

”””” &
)RR TS e
b) FITHPI4E LA H _% :

¢) MIIFEHEENRNREH
d) REEEWLH Sarptle
FABNC LB DR E LT, AERICHER L 28 TOBE0 —H P BAKILL = b0,
EIb &FEDAM EBARD ERHHWCC 20 LT LELEH TR s —ZcrERE R, &
RELEMT —T e,

| 4. BEBERLUICER
(1) BER ORI DR~z P AR N TEE ZOKE

HICHR LB L g, S0, RERICH WARRED—ESok L O TRARIE
L b0 THDT, AMBTCHADEERO LN EETHEERCE EINEREDESTLEE



95

195353 A FRE : AR BR 0 S Ip L RIETE (5

B—E BESEE CRK) oR~7 P rfc R b5tk E Z0EER

s \ a
%R | R mE| ® -&%f’cﬁ?ﬁ%{‘\giﬁi £

i

& B | TE | BE

|
|

2296, | C | 3.0 | 2489.75 | Fe | Sp | 2566.9 | Fe | 0.1 | o2749.3 | Fe | 0.5
93274 Fe Sp 2490.64 | Fe Sp | 2870.5 Fe Sp “ 7501 Fe | Sp
2381.3 | Fe | Sp | 249115 | Fe | Sp | 26757 | Fe | 1.0 | 21557 | Fe | 0.1
2382.8 | Fe | 0.5 | 2496.5 | Fe | Sp | o2576.1 | Mn | Sp | o255.7 | Fe | 0.5
2838.0 | Fe | 0.3 | o2496.8 | B | Sp | 2576.7 | Fe | 1.0 | 20675 | Fe | 0.1

02343.5 | Fe | 1.0 | 2407.6 | B . 0.1 | 2577.9 | Fe | Sp | o2776.7 | Mg | 0.1
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9344.3 | Fe | Sp | 2498.9 | Fe | 0.1 | 82.3 | Fe | 0.1 | o283 | Mg | 0.1
02848.1 | Fe | 0.8 | 25010 | Fe | Sp | 2683.6 | Fe | 0.1 | ox70.8 | Mg | 0.2
2348.3 | Fe | 0.8 | 25020 | Zn | Sp | 2585 | Fe | Sp | o284 | Mg | 0.2
2359.1 | Fe | 0.5 | o3506.9 | Si | 0.5 | o%585.9 | Fe | 0.5 | o2783.0 | Mg | 0.2
2359.99 | Fe | 0.8 | 2609.4 | C | 0.0 | 291.5 | Fe | 0.1 | o290.5 | Mg | 1.5
2360.3 | Fe | 0.8 | 2510.9 | Fe | Sp | o2593.7 | Mn | 1.0 | o2794.8 | Mn }40
2362.0 | Fe | Sp | 251208 | C | 2.0 | 2594.2 | Fe | Sp | o2795.5 .| Mg

2364.8 | Fe | 0.8 | o3514.3 | Si | 0.5 | o2598.4 | Fe | 0.5 | o2798.2 | Mg }90
2368.6 | Fe | Sp | e2516.1 | Si 0.8 | o2599.4 | Fe | 0.5 | o2798,3 | Ma

. i | |
9370.5 | Fe | Sp | 02519.2 | Si | Sp | o205.7 | Mun | 0.5 l‘ 02801.1 | Mn | 0.5
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2373.6 | Fe 2519.6 | Fe | 0.2 | 2606.8 | Fe ' 0.3 | 02802.7 | Mg | 3.0
23737 Fe} h 9592.8 | Fe | 0.8 | o607.1 | Fe }().3 2836.7 | C | 5.0
2879.3 | Fe | Sp || 025241 | Si | 0.8 | 02611.9 | Fe 28377 1 C | B
2380.7 | Fe | Sp w 25245 | Fe | 0.8 ‘ 2615.8 | Fe | 0.2 | o252.1 | Mg }0_5
02382.0 Fe | 1.0 i 2525,0 Fe | 0.8 2618.0 Fe | 0.2 3‘3 02852.8 [ Na

2583.05 | Fe | Sp | 2527.4 Fe | . Sp 2217 Fe | Sp | o2881.6 | Si | 0.5
2384.4 | Fe | Sp | o2528.5 | Si | 1.0 | 026257 | Fe 0.5 | 02928.7 | Mg | 0.8
2385.6 | Fe | 0.3 | 5%, | Fe 0.8 | o253 | Fe | 0.3 4 02983.1 | Mn | 0.5
©2395.6 Fe | 1.0 Fe | 0.5 1 o2631.0 Fe | 0.6 | 2938.5 | Mg | 0.8
2399.2 | Fe | 0.5 P 0.5 28336 | Fe | 0.1 o29%9.3 Mn | 0.2
2404.4 | Fe }o o P 0.5 | o6sr.s | e | Sp | e%49.2 | Mn ‘ 0.2
02404.9 | Fe . 2872 | Fe | 0.5 © 2666.8 | Fe (.3 | 29852 | Fe | Sp
02406.7 | Fe | 0.5 | 26409 | Fe = Sp . 274.t | Fe 0.3, 32969.4  Fe | Sp
24105 Fe 0.8 2l | Fe Sp . 2719.0 | Fe | Sp | W2 | Fe  Sp
2411.1 | Fe | OB | 2515.9 Fe | 0.1 | 2720.9 Fe ‘ Sp w 2076.1 | Fe | Sp
2413.3 | Fe | 0.5 | 23447 | Fe | Sp . 272.8 | Fe | Sp . 2081.4 | e Sp
2428.1 © Fe | 0.2 | 35159 | Fe | Sp | 3.5 | Fe | 0,5 2983.6 | Fe | Sp
24897 Fe 0.2 | 6.8 | Fe | Sp | 2730.8 | Fe | Sp | 2084.6 [ Fe | sp

e2478.6 | C
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2549.6 | Fe | 0.1 | 2734.0 | Fe | Sp | 29944 | Fe | Sp

2479.5 | Fe | Sp P | Sp | w65 | Fe | Sp | 2999.5 | Fe | Sp
02485.3 \ Fe = Sp P | Sp | 02739.6 \ Fe | 0.5 3000956 | Fe | Sp
2484.2 | Fe  Sp Zn | Sp 434 | Fe | Sp | o3006.T | Ca | 5.0
2487.06 © Fe | Sp Fe | 0.5 | o%45.2 | Fe | 0.5 | 3073 | Pe  Sp
2488.14 | Fe Sp Fe | 0.8 | o2746.5 Fe | 0.5 | 3009.6 | Fe | Sp
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03020,6 | Fe . Sp | o8236.6 ;| Ti 0.2 | e3440.1 Sp | 5081.8 | Ti | Sp
2026.4  Fe | Sp | o3230.0 | Ti ' 0.2 3406 | Fe | Sp | 4051.97 | Fe  Sp

30374 Fe | Sp | es247.5 | Cu | 0.3 | 3452.3  Fe | Sp  od04t.2 | K
3047.6 | Fe | Sp | o3274.0 . Cu | 0.1 | 5465.9 | Fe | Sp o472 | K }Sp
3057.4 | Fe | Sp | o3282.3 | zn Sp | 8467 | TFe | Sp | 40524 | Fe | Sp
30591 Fe | Sp | e3302.3 . Na  Sp | o¥706.0 - Ca 16 o424 Ca }5-”
3082.2 Al | 0.2 | o3302.6 | zn | Sp | 87i9.9  Fe | Sp | o43.7 | Ca
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Al 3082.2 23092.7 3944.0 3961.5
2496.8 @2497.6
c 2296.8 @2478.6 2509.4 2542.0 } 28867
: 2837.6 3883.4
: G ' @3158.9 3179.3 C3706.0 ’ 3736.9 3938.7
" Ca i
. 3968.5 4235.4 4226.7

"Cu | e3247.2 3974.0

T 2343.5 2348.1 C 2382.0 023056
l L 048 " 2406.7 24105 2483.3 25%5.9
Fe | 2598.4 25994 2607.1 2611.9 2695.7
o 2628.3 2631.0 9739.5 97432 2746.5
L anes 97557 3020.6 : :

'K 234404 40442 4047 .2

2776.7 2778.3 27799 2781 .4 2783.0
Mg 2796,8 2795.5 2798.2 2802.7 2852.1 -

9576.2 9595.7 2605.7 2794.8 2798.3
Mn
28011 2983.1 2950.1 82049.2
Na 2852.8 ©3302.3
[
P | 2534 .0 ©2535.0 265%.3 54,9
|
| .
‘ 2506.9 9514.3 62516.1 2519.,2 95241
Si o i
ah28.H 2881.6
Ti | 3234.5 3936.6 3239.0 03349,4 3361.2
2558.0 3282.3 3302.6 3545.0 3345.5
Zn )
o 4680.1 04722,2 4810.5
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AR | w o om | o | m | B % #|E 8K H
Fe| 2395.6 | 1.0 | 1.0 | 1.0 | 1.0 05 | 03 | 13| 1.5 ‘ 1.5 | 1.5
B 2497.7 0.3 0.3 Sp 0.1 0.1 0 Sp 0.2 3.2 0.1
si| 2516.1 | 0.3 | 0.3 | 01 | Sp 0.2 | 01 ] 0.4 | 0.5 1| o
P| 28.6 | 0.1 | 0.1 | Sp Sp Sp Sp | 0.3 | 05 0 0.2 0.1
Mg| 2986.5 | 0.5 | 0.5 | Sp 0 0 0 0.5 | 05 | Sp Sp
Nn| 2940.2 0 0 0 0 0
Al| 3092.9 Sp Sp 0.2
Cal 8158.9 | 1.5 | 1.5 | 20 { 1.0 | 1.0 | 10| 15! 151 15 | 1.5
Cu| 3u47.5 | Sp Sp Sp 0.2 | 0.3 | 0.1 ] 0.1 Sp | Sp Sp
Na| 3302.3 | Sp 0 | sp | Sp | Sp | 01| 03! s | Sp | Sp
Ti| 3%49.4 | 1.0 | 1.0 | 1.2 | 1.5 | 1.5 | 1.0 | 1.0 | 1.0 | 1.5 | 1.5
K | 3440.4 0 0 0 o ] 0 0 Sp o 0
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1.5 | 0.8 | 0.8 1 1.0 1.5 i 1.5 | 1.0 Loz | 03! o5 05| 1.0
Sp 0.3 | Sp 0.1 | 0.1 0.1 0.1 Sp 0.1, 0.1 | 0.2 | 0.1
0.1 0 01 | 01 01| Sp | Sp Sp 0.2 | 0.2 0.3 | 0.5 0.8
Sp 0.1 | oa | 05 | o | 0| sp Sp Sp Sp Sp | 0.5
“Sp Sp | Sp Sp O 0 0 o | 0o | 0.8
Sp Sp Sp 0 0 0 0 [ 0.2
Sp Sp Sp Sp | Sp Sp 0 0 6.2
15 0 1.0 | 1.0 0 1.0 | 1.0 0 1.0 | 1.0 | 0.8 | 0.8 | 0.8 | 0.8 | 5.0
0.2 | Sp 0.2 | 02| sp 0.2 0.z | 01 ] 01| 6.2 02| 0.2
Sp 0.2 | 0.3 0.3 | Sp Sp Sp 0.1 | 0.1 | 0.1 ] 0.1 | Sp
15 | 35 | 15 15 | 15 15 | 1.5 | 1.0 | 1.0 1.0 | 1.3 | 0.2
0 0 6 0 0 0 o | 0 o o 0 | sp
ENE R b i £ SRS BRI SR
T AT VE vrai T savi dotsvioor e T— ST e
Z . VI 20|11 21T 22V 4VI 3V1 2 VI 17 VL5 [VI 13VI 18 VI 16VI 14V 15V 16V 19V 10]V 1
T B OB | = = | EITYT e sox = £ e s & |TH=v
A wlar | B | s a | B | s el | e [ER
Fe| 235.6 | 1.5 1.5 2.0 1.0{1.0/1.0/ 1.0 " 1.0 | 0.8 ‘ 0.8 0.8 (0.8 |1.000.5 0.1%0.1 0.5
B 2497 .7 0.5 L 0.a 1 1.0 10.1:0.01]0.2 0.1:0,1 ‘ 0.1 ;0.110.1(0.110.1/Sp|Sp Sp| Sp
Si| 2191 |0.2 0.210.5(0.30.205 0.4/ 0.8 0.5 0.3 0.5 0.8[1.00.2]Sp!Splo.5
p | 285.6 | Sp 0.2]0.5 0.30.30.3 0.5 0.5 0.3 0.3 0.5 0.5]0.50.1]Sp 0 |Sp
Mg 2036.5 | Sp 1.5 0.2/0.2/0.5,2.5 Sp 0.3 9.5 Sp| Sp|2.5|1.5/1.5 1.5 Sp 1.0
Mn| 2049.2 | Sp 0 |0.5/Sp Spli.0 0 | 0 1.0 0 | 0 | Sp|0.20.50.5 0.2/1.0
ALl 30929 | 0.3 Sp| Sp| 0 © 0.3 0.1 0.2 0.2 Splo.2|0.3]1.0/0.2 0 0 0.5
Cal 3158.9 | 2.0 2.0]2.0(1.011.0 2.5 1.5 2.0 | 2.5 2.0 | 1.5 | 2.5 2.5 2.5/1.5 0.2 2.0
Cul 3247.5 | 0.1 0.2]0.2]8p 0.2/0.3 0.2 Sp 0.2 2.0 | 2.2 0.1 0.5 0.3/0.0 0 sp
Na| 3302.3 | 0 0.1]0. 020202 03 038 0.1 1’0.4 0.2]0.2|Sp| Sp|Sp 0 K
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Résumé

In the present paper the results of the qualitative spectroscopic studies on the micro}chernica1
elements in raw woods, green trees and the forest soils using alternating current spark are reported.
1) Spectrums of raw wood samples and various parts of a green tree were lighter than those of

their ash.
But the qualitative determination of 12 elements (Fe, B Sl, P, Mg, Mn, Al, Ca, Cu, Na, Ti,
and K,) was possibla.

2.) According to the results of the qualitative spectroscopic analysis of raw woods, there were
rather little difference in the kinds and contents of inorganic’ chemical elements, which is due to
the folllowing factors : ’

a.) species.

b.) specific gravity.

¢.) spring and sumimer woods.

.) heart and sap woods.

e.) normal and compression woods.

.}) In the samples of green trees, the results of the qualitative spectroscopic analysis showed little
differerence among the several parts of a tree. But the quantitive difference of following five
elemnts was found, Si, Mn, Mg, Ca, and P : the leaf and bark were richer in these elements
than in the other parts of a tree. - v

4.) The contents of inorganic elements of forest soils were found different according to the
conditions of the collecting spots.

It seems that the contents of inorganic elements in leaves of trees are intimately connected with

those of the forest soils.
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