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BEEZELETT7 L I FOEEM (% Al0:) L, T (1) OFEMED bEOCRD 1B R(E
HELETEHRDOFEREN (% Fe:05) &L T\ 5,

FREEED L A THEMEOGR L U TBIERAL T 2013, RESED L I DTHS,
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DED LS IIEHTDH 5 & L EENTUIT R,
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2) fcrxiE, TyvE=TRILSUWRENOEAT, By b LEFETUL, ThrB{thoRTT 1 <
FREEEIND, LD T, 7A=Y 28BN THOSELMETELV X 5 LB O%A,

1) +EBENLESFTERE
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ST TR L > Tl EEL THIET 2 LEN DD 7w vIZ X HWRBROS& b, ZHucH
LR TR nD & IR TERL.

SR, COFEOLRFHIL TS5 TR, TS = v AR EEE - B - IR ETE B
DHPZEETH LD THDHH, ik, & KRB SITOFHHTRIFLiERY 5L TnD, Tri=va
DA FY Y v e sl 2 THIIHL, ZOMBKOXENEY RS /a2 TT A = v a2 EETHH
# (BT, SHIAK “AF S v — e ekl o’ LXS82LICF5) 2 FIUCHINT S 40
DIDTRILWEED T D, +F YV — 7w vkl LIRPIERER TH O T S 7 vIERIHEA~NTT
CRTCBHEEbRDTEEREELHT S L, DEDLITHD,

1) 7rA 37 VKBTS LR L —FOFMC L BT, HEEEROEOTERO BT D L0ODMR
TERMETEOTHDHL B, ELDTMHETH D,

@ HsETEBPERES T L T 7 v RO 2.5 ThD .

(8) HESLCHM T A A, BNATRE T, T3 = Y 2ERORROUIHEITHETH I
fi (mask) LOKERAEAIRD 20 TE, Thxdbbh UoEELAEVWTTh (FFv v —2w
W ARl A RIS O TR TeRTIRE, Lk 4) XU 13) R BRI,

EHOFT L THTIE, HESFOFRCKT S 20+ F ¥y — 2o v kL AEDOIEHINL, $0L 2
AEMTIHINETLELDTIHTHD, TRREGHDF F¥ v — 7w v b 2 IRITHERR & 50
XMEE LTI\ 22T, EFHE, FETH 2 LOTELEROIRED > b b, HBSINCEH Tt
FAREELLD2, 3%XDBAT, LTI =Y LTS ETEDLRAEE 5 % v iT 53 5 AL
EH LD IEREHREIL, BETHIZ5 083502 Bhh s SEsmAL T BfEOfgi ol D ICIXIERE
- R HTEE R BN FE L e & BT, ZOHHERII U DT,

2. FFvr— I ARRLLFZEOERIEZEEICOVNTOHME

2.1 FF¥IvoanRLaFEzEORRICLBKG)
HHETHEHED 5 VIBRET BT BRD T 7 =Y 7 EDTRBITR L, 2EDLSKC
%0
A. SEEEEHE L TUEML T b7 = v a ZiilERET 5,
D ## 0-7 =25 vAw ) v EDELEHE L CERT % LRBICEREDLL, DERKTAI=vLD
il - BEEA R IR
SpraIiN-Banks %'
i) k&7 =v 7 vt UCBERL T b, 745 = 7okl - #8755 !
GENTRY-SHERRINGTON %> KassNErR-OzIER J&7

B. $k&lv pHIZR\WTAF v E U - BR=Lth 5, pH #EH 70 3 = 7 2%l -

Kenvon-BeEwick 7
C. #uURHEMITIC X DV ER - BRELTHD, 7o s =9 2%l - 2815 ¢
WIBERLEY-BASSETT ¥

D. ke 7L =V ADFABEE——FE 7L I = VA RFERCA F > vEEE L LT L, #eE0
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Fins 390 mp & A70 mp DWEELED & 2 AHTRIERT O, T3 =9 a0 L 390me 23T
Loz R & 70 &0 AR L €, ZhEhoBobED BEEIC L D B2 5
EN-
2.2 RALTHEVLER

EREETERE, B S s 5 0 EVEHC IS 5 X 5 IFEITTERC KT B AL D L RE DT B
ROT, Tt =Ykl - EETAEBEOTTSCOV TRARENCR—Th Do +F ¥ vikk S
MM 57w, SATREBERERETS & & FFEE LRl b IiEe#g, e 5
Xy Thbd. FiitiFHED > bF &% v OIFELRETEL T\ % D1k KassNer-OzIer KT THD Ml &
RLFORENI LD, TAI =T AR FEYyEINRE L LR e d, MR
BT 570, EPERCKTDUEN LR EL, 2FL T2y O REEL LB -

BT T HALED BEL D L, BECIBFEEL UL Al @ Sprain-Banks HOEK, BRI
Fre B XL 55k & LTiE C @ WIBERLEY-BASSETT JEDIEK A, F DEIEEOMIBLX O dIciFH
Licu

2.3 TLI=vstill - #E2T3L 05K

D) BRETERTAI =V 2LDE

AR 50 ml \=DF 250 ng*Al FTERTE 5.

i) Mo & ¥ pH

TSI b BET 2 DT ERDEHTL LT ORI B2, —BICiIRE pHS Il Tho.

) fHiE

oL BT F T VA O OTEWTH b rw vkl A2 Tl T5ERL, +¥YvDrew
R AFRCE L LI DI T 2 R0 5 - EHORRTIL, BHOFIIRIEMTRT, L bIEFE
QWK LHETH S,

RO X H ot d, FREC—ER (k20 10.0m) OFHTET 1 AR L, MKkObl+ ~y v
A THARL T BIEBT B0 &, MK EZMA»ChF T (o d 2RI 10ml o) #illL,  fElEHh
HRTLD LKA ET Z Lk DAkGHERL T B2 A« 77 A 2125 IFuvh, RECHERTE
BLLTLBTED LN DD . EHL, SROBRBXSITT 286, BEE(LEOLT 2 LR HH
DFMRIEERS

iv) HIsEDHE

390 mp LSNC 2, 3T LRRIWELEFL TWHIEELHD.

3. SPRAIN-BANKS D1 3E

COFEIEFE I LT T AhOFKE T3 =V A DREDICDICELINI DT, FEIIC F O
BHRDEDEDL I THB

P OMEM AT O Fe (D) e Fe¥y 53 v TCETELT Fe (1) &L, thiK 0-7 =4y A
v ) v R R SR THRBREOMtEmE L, BEAKE L5 2 pH % 51 CiET5, & TR EY
EREC 2450, —H TREEHramONELRIEL T8y EREL, MAFMRCERbT & D TR\WIeiFR

*ug (A4 27w rFa)=y(Fv<)=10"mg
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BRI HRTAFY v D 2o v kA A FIRLIRET S L, TA I =720+ F ¥ VEEINTED L AR
i, 2w e RALREFILDOTT A = v a il S hicz L5 S LEMDIT L TD F TAE
WRERCEBLER S W2 L ied o 7w w AL 2RV 395 mp WRWTRREEIE L,  #ddifh b
TALI =T ADEER LD, BRBLIOTAL I =2V 20REHYL LD L X, FThEROEIERRIT
REWARAT H B D L IZITEBEBD ALY Y AR E LI ALY Y 2 L LTHEMNT S,

4. SPRAIN-BANKS % DogZE

) SeraN-Banks B HIESIMCISHL X5 & L GERALCE, 5L PRRCIR T2 H0%E

REBohBH EEMGN EDA LI REBLRDHEEREDLEDT, DEDL ) RBERIFTE Z LT,
41 BoEE

EFIBEIREGEL D L5 L EEHOEREYEMEBVIEST, EFeFrI Iy, 0-72F v Rp
VY, SEERIRE SEOEWIAL, pH L, SE (EEHDOE 20°C LT Thor) 12 30 4
WEL T BREWEER Lic b, FEAIRY TG THSD 2 LR ote, SNeLL-Snerr DHEESH
FYRLIADT, e Fedy 7 v RN T “15 SHIKE" # o-7 =Fv Aw 0 v &L, “20°C
BT HRWERET 30 52 Th b HEAEY L bREVINTHS TH D% % 2T SNELL-SNELL
DEFRICHE> 135 PR L B 5, 7e%, Fortune-MeLLon" OFFSECIEST, SEEAEDHE 515 mu
W 508mp L L, 0-7 =+ Aw Y vyORIL 0.1% KA 20 ml 2L T 1oml & Uiz, Fhgho
BRESRC B0 5 FESBE L FEHO 2.5 f£0 500 pgFe X L7,

4.2 FLI=TLADESR

TAI =T AOHHE, FERTIE AT VD 2 e v R LKEKROIERER 10 ml AT 1 [EiRE
L, ZOMHEAEKRDHREEF F Y v A 1g R\ohic 25ml HR=EH7 52 2 5 g vwh, 1R
L ThEF Y 7 2 THAKL Db, EIROBEXIEL T 7w vkl aldileify 61°C This
VEFEMTHED, ZROBBR LD Ho2 ) ESGTCR T, L EERL T —EEDEHME
TR S oot ) 2, BIROBEELEDIET A DRELTIoW L Bbhb. £ TT =Y
LD, 7 & 21E Kenvon-Bewick™ DIRFAL QW27 27=Y 270X 5K, #iHEzPLPE< HY,
WED G THE L, Wl L aER I HHETH 5 Ld Lo L TR WEHUEZE L CTkag iR T
HAAT7FALS5F, REBICHHE TS THOTERELTHRON ek LT, BIEEEMHSC L.
TR R\ T, S 10 ml FOT3EMIHL, REBCAEE0ml L L T35 5, BEHA
ONEBEIFRE BVIBELIBED 15 L7050 T, HMEBEDOTA I =T 2 LDWTULTIZ 7D L&
EDBEERRE DT H D0, ZHUIFEONELXSE LTHIS S &2 TE X 5. {175 Beer D%k
DIy fed7 3 =27 A DBAREER, JEHTEREHRK 10 ml 12O\ T 60 ng, AR TiLhkHRE50ml
ZDWT 250 pg TREEILNDS, WIEEL D 58 B35 EARDO AN 4 EL EL > THERITHD G
T2HLTWALL, MAEL > 58T, M, Al L LT 120 g T, A2 Al L LT500pg 2T
Th5b)o

SEREORREL 395 mp % 390 mp LI,
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5. I XMN7-= SPRAIN-BANKS 3%

5.1 & F® $8
LRZZ DO THBLDLMNITRTERSD 2 —H—D JIS SBIERRERV5 DL T5,
5.1.1 EiEvese
a. B (1ml=1000 pg Fe)*
BIRES 287 v &= v & (BN A, Fe+ NH,(SO,): - 12H,0=482.21) 4.316:¢ % {40.1N

H:SO; (conc.H:SOs %360 %25 T85) &L, 0.1 N HeSOs T3 3% CTIEREI 500 ml

P
b. K (1 ml=50 pg Fe=71.55pg Fe:0:)

Bl KT 20 125 FT05, ok ziE, B 25ml ZE~=Y T, 500ml 22«75 A

2= 5oL v, KTHITHTERL TS,
5.1.2 7§ =7 A EERERSUR
a, K (1 mI=500 png Al)

BiE7 A S = s By e (HiFA, Al K(SOD:» 12 Ho0=474.39) 4.397s ¢ ¥ fol3 i
TAI=TaTyvE=TL (Tve=v2rPifiA, Al:NH:(SO.):+ 12H.0=453.33)4.202s ¢
FRKZEHL, KT T TEREC 500ml &35,

b. #HH#K (1mli=50 pg Al=94.45 pg Al:Os)
B /KT 10 525 T05, 7ok 21, FIK 50ml <Y FTLY, 500ml 2A 7 7%
223 2L, KTHTHTEREL TS,
5.1.3 v Fe ¥ 53 vighk (10% KiEwk)
L Fedy s 3y 10 g 27K 100 ml Db ) HIC & 23, FREIMCLEREF2L %,
5.1.4 0-7 =+ v Aw Y viFHK (0.1% KHHK)
0-7 =+ v Aw ) v« Lik{th) (SR X 5 Thb . EFIFEMERERMA HVWL) 0.5 ¢ &
80°C < BLULWDEREEY 450 ml T2 L, WX TH BRI 500 ml &35 (BKIZE L),
PLTHFELTCELLTTT2L Dk T, PPEMARETHID B, T HAEIL 2 TELk

WE S DRI,

5.1.5 WE@EK (pH 9 5)
EEE7T v & =7 & 200g EOKEEMEE 100 ml ZKIZ LD L, KT THTREGWR 11 235, HTER

pH §F2AWT, 7vE=7KT pH WL 5 KHIHEL TH L, KXY =51 v HiE A B [
LTsL-
5.1.6 7vE=77k (1:3)

5.1.7 ZwwkRILA
FERI KD RER IS 250k L, (EHEED EINURIIR IR L T itv,
GENTRY-SHERRINGTON?' [ZH(2TC, 3 NH.OH r NH.Cl DFNFHiIToT 2M DkAERKDE:

L 70 o kL A R IR L TR RIREL T bKEEL , 2865 2 vIv% DIEKT A 2 — A RTRIT 5
(7w v kL & ORISR AT D 7o) o
PSRRI SHETEH” Ert CHISTR” ATRTS L0 LT, -

%

Il
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[EU B T 2w w kol sk 1L 3hsHc v, #9 6 N HaSOS™ dh % Wiy 2N HeSO0,
LIEEL, ¥ IN NaOH'™ (NaOH 40g#%7k 11 i n3), S bick T 720b (LERD
EREREIL D 22T, Ca0” Ho ik CaCle™ THAKL T LAETS, COX 5 ICHRLL 2
v ek AL 2V/vY% DIERT L 2 — A BERML TEAEL Tk < -

S g B ISR Bisd feots 7 v w kL AR TR CRIICEEL TR &, #@R iDL 5
trll D 1) Vo

5.1.8 Mk (A ¥ vD2rwwrira 1% 7RI

¥ vy FFRTE—EEECTH 500, EHFIFOEMERE L B2 20 F TV ORNEEmz A L
DI OF) 7w e kL o 1W/V% 2T, AF T 7w RkAL bl ELDTEIL ETEM
HEFIEIC 2 < U I v,

5.2 BlEHHKG LUHL - B8
5.2.1 BEEREERT
€ BT R R EERT GB-50 A, T
;:? L B Tom e ICHARIR R RIERESE S L 7,
© 5.2.2 {igFEM pH 7T
WAREMNE HM-5 Fa v,
16 Stop-cock {A) 5.2.3 A
R 737 A KIS 0 L RO TH B, Z v w Rk
gniﬁﬁﬁﬁgg WD, T BRI 7Y — AR V2 b
WINTRWDT, T bR G TR Licus & &M
- fff_’s"fape 4 sy ECHDo EHIBOERCFRIEHR 250 ml
Separatory funnel W AT ATy, sk 2y 20 bik& D b
(it i =) Rt h ik b LTS T e fehote. £oT

$16 Stop-cock (C) Fig. 1 © L5 fc bD#FEUMIEHC o b, oh
ZRW 72 Iwo(C)

HaY 2IIKTL d 68 Tk &L WlHhis Lt

Inner diametep (2y 7& 2 g, TEOKRRT =17 R0 %
ca.6mm.

("2 #y6mm.) WHLTH L),
5.2.4 2A 77
Fig. 1 7w v o i ISR D 500ml 2A - 75 A= R
Chloroform extraction funnel. i) 100ml 22« 75 A2, . gObEHINRE
L OEHBS T

i) 50ml 24« 7FA2.... 713 =y 2OREERIERE I OCERBSHHE. gL THDH
JAWBDOT, MINSEHEL TR BENRD S,

5.2.5 ¥-Y M

D50ml k= €Y LTS 2 Y 2 OREREE L ORESIR. ch b oL TH
WHDTEHEEMET %,

i) 1-,2-,3-,4-,5- X 10ml FARFVAF « k=« €Y b REERCERCE X CEERATR
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DbtV GO~y P EBich, HHLESTH D, BREOTIL TR THT A
NS 2y =9
T DAl
5.2.6 € —h—Hi
100 ml € — % — LIFTIMOE. . . SEIERR S X O BRI O 5%
5.2.7 £ DAl
7w vk BEIRO L - FEEAICETGO 11 5K 255k 31 AT 7 2 2% Loz oHiR
2 (EFIIET D bR EFERLOTREL b2 UKL THlAEGLE L O X HEFICHANTWS)
&,
BB AR 35 TN T H W 2 B8 R BRI D W TR IS Uk sl L, o 2l
5.3 8 £ =&
5.3.1 gkowEE

<o

100ml € —%— 11 L &ML, S 0; Fe @ 2,4,6,8,10; Al @ 2,4,6,8,10; 35X 05
RO BE R WTEL . BRBLOT A =7 2 OERESIKE (FhFh 5.1.1.b S X8 5.1.2.b) %,
E—h —CHER LB IG T2 ml BHFor huhd. BEAREIY v b xikE Bilbs i
F) LIcEMAIR 2 K T—EC 5 Tl b D (pH 2~3 < LU VEY) ¢, Al £ 1L T500ug T,
Fe LT 500 ng FTEEETIHEFEY b LD (Lol Tl, REMkEE 6.3.1 0% 5
LT T, F 2y HANCIHEER 2T Dy, IHEA + VIO TOFEMTmE L) & 4)
EBREINTC) e 0 FOE - — il bhig T, DEOFHFERIA MO © — b — L ARCMLZ T
W&, THEDBLINEENED Ty 7235,

FFENFIEDOL D 2TDE Fwd T 3 vifiKk Iml Fo% M, BELTHHIEL, #9154
fifeoteh 0-7 =F v Aw V) VIFHK 10ml x5, X OLICEEARK 30 ml iz, & bhLHikE
L TBWICETFEM pH §l& M NHOHQ 1 3) %ML pH %5 CHiETs. ¥-2 %L
@H 5L BEAY <Y FAa b NHOH %z T ¥, pH FrodFets 5 KL L ERY X
KL, BED 5Lk s & o0 TEMEY I LTV, BRIREZDO Y —H -2 vis . KTHRE Y
KR 70~80ml FTicL, Hx LT 20°C LIFChWEEC 30 S35 . coffaoiksst
EMIE DD TRETHD", ThrbITREThEURERINE X2 100ml 2 A+ 7 7 A 2iiih
x5 oLh, KTE—H—%EOTEEEREY 7 52 2CMATS. 2, 3EEEOR bR CEREL T
B SRIEMERELIAND 100ml v — D — LRED 50ml €Y FEH B TDHHERMIL TH BN LT
B SKIEEFRRLUNDER (75 7 05 Al © 2,4,6,8,10 XL OEERRK) 2 ThFhEbiey~
YT 50ml Forh (Fiobhb, I ITRENLERING), THCAGIABEEL THEIETH S0
E=D =5 2Lk, 743 =y 2OfHHICEFL TR 2 A« 77 A 2D T 3 =2 v 2 5HER
WOBHIE, b5 Wbl e 2fem b TTLL,

A AT T A THEDT B ERIEHER R X R BHARD IR OXELY 7 7 v 724 L L T 508mp
ERWTIETS . X XRBER (% T) TLoTRE, ThZhC e fMEEYIRL ThH bREE
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(B) wiET 5%, HIRMORENC WGEE, Flihcgkoims, & OBUERKRD ml F e ChcHET5
Fe:Os © pg BwfERLTL 5 &, SOBUELHIT OV TD X HITFEERFGEE ORI P CHURVZIE S (i
LBETTHD o RETERDBRFECKIIE TS Fe:0s OBY, ZOHREBHL L L5, EAKY
—SESBDLIT Lo EDOFHmRO 77 72 —% F 3% (ForziE, 500ml LT 5ml ok
r3+%r F=500/5=100) :

, atra(oy) ~ BB B & vt FeaOy O pg HXE
Fe:0; 1 LT®» Fe 0&HER(%) HEDEE (mg)X 10

HEOFERIIBEPL HWC X S CHRERE F AR ERLH -, ThENEREER e ERY
briLlienr—kv7AYRs s L LTk (ALO: DA LR,

5.3.2 7A=Y aDEE

TXIC 100 ml ¥ — % —ICIEFRICHEET Diol) & D TR I SHEREKR LA O (77 v 2 0;A1D
2,4,6,8,10; % X OFEHAIR) HHHBSEREC > 2Lvwh, LEF20KkT2, 3EE - —%EED
TR IR 5 DL D o IREITART 70~80ml { LW ETRAEDTH X\ (FHKHRHT
FHBIATEEN 320 2Y 2030 HbEHEKRTRABL, ERIXE (b)) T2 TLH TR BEE
haiit, 2v 2 C %2, 2Y2 Ak B ZhiT, B BECPL L 5EL TR il THHIR
Fhdh, - -0 bIELREERO I TURREZRL VT o il E V2 2 &L
). Fouie 20 ml PEETEME TR SAhHHEKD 10 ml 2SWRHCIMAL, =Y 2 A ¥ B ®2r U, =
Y7 AL COLIAKERDETHEEL, 15HMBLIRELCOL, RdE0eh i trbl
T2y 7 A BHFCERZRE, A 27t FEMA 20 VO v v 73 FICEHEL T 2RIECh)
hBD%ED, ZOMICE 4.5cm OYFSHC 5.5 cm OYEEHE No. 5 A i3, MWK 2,3ml Ti§
Hor LvT. BEIREVHAIHARK Y Licic DB L LT b, & O LdENLTE —» —ICHIET5
BERIL TR 50ml 2 A - 7 F A a0 IED, 2R 7 F A2 %5KRFOTI$DT
W&, TOMOEMI RO LEL VDL TO L oARSND L5 Y v 7 EOMERAEITS . 5HIR
LD 2E A b NIch 2 Y 2 CEBHBICHITTTOL 2 vITBOHAIEIAEL TAA - 757 A 2
I3 oLwhad, AR LT, #910ml OO E MG, o1 2 Il 2k 27w, IhlEKY 2
Ze 77 AR50 (BREEOHMBAERNE L A L& EERE BT o 2 LI X YOS
TEMD . ZOMHEEIH Uk X OEHEOERTIL L 4HT2 3EOMHTCHEITHE) &
B 10 ml ORIEH CHOTIRFO MO Asa i, SECEKETES o Al 2SR DT
BT KT E &SR, kiR EDOTHS, THERCL Ttz >S5 . Sl 3Tkt
B, HEERNCHER Y M TERL L, 300 mp KEWTINLTAI =Y A X VD 7w e
R MFRORER AET S (ED X ) ThuE 2R « 7 7 A a NOAHERD RSO D RET5 -
LA EELSTRVD, H—RETE X572 LSO bERC L ThH b YEDBKHRF + Y v A

* BRI B %T O X Bk 100 ThOoMEOME A AN OWMEFRI b LD T
nx 0 BB L v, %T=100(1/L,), E=log(ly/1) /ARG S B BTHE .. i zitE
BERO LA 52.3(=1001/L,)) THBHETHE, FD 1/100 TH5 0.523(=I/1,) OXIFITFE
M 1.2815 L L bhb, 0.523 OO (=log(L/I)), FicbBHWEEEL 0—1.2815
=0.7185 75, ZHE/PEFELIT 347H THDT 0.719 &35, [FELFHEE 99.9 LIT 5.0
CBWETOETARTEDONTE I/, £ DRER 2 BEE & BRIy L THRESRE <
STEL LEHTHD,
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BERALTIRETHIUE, 374 BRERS). v ARRIENL TRWTHW5, S LATARTHE
By TAI—ATHRCELIIEL X 5 2 328K T2, 3HTI. 2EOMNEEREZ RS L E LT
B0 WFERT A BRI DI T T T bRIEL X5 258K T2, 3ETT. 7w v Rb AFRA £
DHEIZ 2L LTS EAEDEKRAE IS 2D, T2 —AkDOFid — TR\, DERE T —
FTHERL TR o RREOKFERE 0 SEIERT VL L « RA X — DB LA L TRt
S

FOYyg LIARC LT, WIEEER ALOs O pg KD 75 7% 5L 5. REGNIFE &M@ S EHkE 5
B THD ., BBARDWIEFCKIET S ALOs O pg KO LXEREBEIS L L5, SORA LR
UHBROBRDO 77 2 2 —F R BV5 &

ALO:s 2 LTo Al Dagm(y)—RERYD b Lok AlO: D ug HX2F
. SRR FHEOFER(mg)X 10

KOLGTFIZ 2 &) fERD b D7 DX, _Lméhf*m?&km T7A 3 =Y 208} - BEEB I
OfctedThHD. b UENERK “AL10" Oy 57 DT A3 =Y a0Fy, LOX5EREERY 250
rg Al &%\ % 944.5/2 pg AleOs & L7eT, BRI INIeWLIRTO 500 pg Al 35\ 003 944.5
pg AlOs rFbhT7ieb EXOMK 2 HE L,

6. = E&

6.1 BHELVTLI=Y LDEEFREBRELTOL OB ROFN
BB ICT A S =7 2O (5.1.1.b 8L 5.1.2.b) RIREGL ToL DA A TNFEOFET
SHTUCIERE S #MAE L Taic. #EOKM % Tab. 1 10RT. HREOHIR « Rilifsh D ITiE E T
LW EE2 DD LB o

Table 1. Determmatlon of iron and alummum in synthet1c SOlthIOI'lS by the
proposed modlfled procedure

&k ' FALI=T A
B Iron Aluminum
APy ST Fe LT Fe.O; & LT Al LT | ALOs 2 LT
2 S
CRES  asTe as Fe.0; YAy A
THWE L | S
No.  popg BVELE g A0 tu_ yorg BCELE oy ROELE
Taken End Taken Found  Taken | FE; | Taken | Found
rg rg g | »rg | '. rg | g
{ |
T 200 199 | 285., & 284.5 250 250 | 472.. \’ 472.5
| i
1 100 102 | 1424 | 145.5 200 200.5 | 377.s | 378.
‘ i |
Bl 350 |, 35 | 500.s | 500. 150 151 | 283.; 285.5
t ‘ |
iy 200 | 199 | 285., 284. 150 151 l 283.5 285.2
| \

| | |

H 7ok 2, BB 200 mg UM HFETIEKRE L, A% 200ml L LTEXD 1ml bl

, HTLT Tab. 1 X5 iEEnx bl 35L, TORBHmELTO pg KD 1/10

ﬁi%ﬂ%h@ﬁ%ﬁtﬂfhbcﬁsﬁé»’—ty—;w'~‘/“ Lish . SREBDEGEFO SIS & T

{ADT, CoTIHEHED L ATH LI L DHHHEEDEL L BT
FIERDEHR DL D THIF L THRIDTH S,
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6.2 6.1 LELERORIEERICF R ERFMLI-bODONR
2.2 Thi2EsNick 512 DIEERE 7 & v DI B AL L Tlo\WwD T, F X v OdfEe
I BEEEBREL TR BEND D, FEkitho 72 v &8 TiO: & L TKK 0.1~1.5% QAT
HBLITHBENS, 6.1 LRCHNOREFIKIC Ti £ LT5, 1035 X015 pg HIGTBHIBEF % o~
e (B-D-H (I A-R- BB T X =0« 2V v b2 2k) BFMLKA, . Zhut Tab.1

DEORBIC LS & FhFR TiO: LT 0.8, 1.7 KL 2.5% HIM T58TH5-

SRR

Tab. 2 I/RT . ROBEEL F X v DEFELLVEE (Tab. 1) AL T, EHRTGEOHMATIE
FETHBD, 7A=Y arDEEMINSHT TRy OFEEDEHEL 5 ), Lird FX2vOENRELRD
CONTN I =7 2DHERMELDDOHENIREL IO TETHD,

H23% E1RCHCEAIAR IO T L I = Y ADBECK LIET F X v OFEDEE

Table 2. The effect of the presence of titanium on the determination of iron
and aluminum in the synthetic solutions used in Table 1.
o = %2 v o | % T Taz=va
! wnoom = Iron Aluminum
SRR | Titanium, Fe ¢ LT | Fe:O3 LT | Al LT ; ALO; & LT
Sample | added | asFe | as Fe:Oy as Al | as ALO;
No. Ti | TiO: =l B L=l B7E _E_i EL‘E = Eb‘g
el sl EOKE Urg LORE Chg Lokl Thg [ﬁrflfgf Ul
as Ti ras TiO- | Found | Found I Found Found
B rg . rg rg ne rg rg rg rg rg rg
| | | |
1 | 5 8.34 200 ‘ 199 ‘ 285.5 | 284.5 250 251 472.2 | 474.:
I{2 10 16.7 200 199 | 285.5 | 284.5 250 254.5 | 472.» | 480.;
3 15 1 25.0 200 \ 199 ‘ 285.9 284.5 250 257 472, 485. 4
1 5 ‘ 8.34 100 | 102 | 142., | 145.s 200 | 206 377.s | 389..
Iy2 100 | 16.7 100 102 | 142., 145.s 200 206.5 377.3 390.0
13 15 | 25.0 100 : 102 | 142.0 145.3 200 207.5 377.s 391.9
I
1 5 | 8.34 350 350 | 500.3 500. 3 150 153 283.3 289.0
T2 10 16.7 350 | 352 500.3 503. 2 150 | 156 283.3 29%4.6
3 15 | 25.0 350 | 352 } 500.5 | 503.2 150 162 283.5 | 306.0
! | |
1 5 ! 8.34 200 | 199 | 285. | 284.s 150 154 283.5 | 290.s
wq2 10 bo16.7 200 | 199 285.9 284.5 150 | 154 283.3 290.0
3 } 15 | 25.0 200 199 285.9 284.5 150 | 161 283.3 304.,
I o o 1
6.3 N. B. S. Z#:¥ No. 97, Flint Clay & &7t No. 98, Plastic Clay o S#F

7 2 Y HEHEIENER (U. S. National Bureau of Standards) 75 5 h 72L T\~ % (& B D
No. 97, Flint Clay s k0¥ No. 98, Plastic Clay (&, MR Shic/pHiEiEn b & 0o fits
b5 & Bbh s EENRSTEHPHT S & 0& L5 IREE o T B (F_T 140°C T 2 HHliz I
LicsBed LIt L TERbLTHB),

No. 97, Flint Clay No. 98, Plastic Clay

Si0, 42.87 59.11
Al:O; 38.77 25.54
Fe:0; (280) 0.98 2.05
TiO. 2.38 1.43
TR E 13.35 7.28

IROHERTRRCHIF LR L T D dD0LF v 7 ) v &k LdD L Bbha2b, hitbhogy
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WO ThHD L L3 br 2L Bicdh e d, SILFEMCE Ebd CEBINTHS L, EiT
BT B o3 T E D b h DI R LB BHERE L LTz 2 TRV TaTe,
6.3.1 FRHAIAKICT 5 Tk

B 0.152 TR 20 ml EHUMCIRIG L, IVEZTRE, (2IemE GREWIZEORE L B 140°C T2
L) 1o LOHEER (ChORBHISDOBRML LU D EHL T, cha kLT b
LThhle\k, #0 HF A0 EIESRD) % 25, iz icbdEie~Y 1hb
HoSO: (1:1) 2ml R ELOTHTL T (BELLF VX 3) Mz, LIrcHilieml tieatk
Zldd, XY =FrvD/he—Dh 56 HF (46%, JEEBGHTHD s5ml 2 ML TEIL E¥bbE 5.
B WRRLICER T ETAEFEL, SOs OBEMATTERSHENLLRA LTHHBL, HELHE B
%;5&Lkﬁ6,%55mz@Hkaz,mmﬁ%ﬁ%-%mbfsos@aﬁﬁf1<5ffm¢

o —ICABIS L, TEBRGDEDOKRTHELZER I L L, HsSOs (11 1) 1ml RIFEML, s7ciz0r
ﬁ%-%ﬁ-%ML,ﬁﬁﬂ@tLbofvéﬂEm?acM%LT#%H&O@;D1mzgmzm
Bz, ZREETRSHET S, FESY 100ml € =5 —~35 DL\, 20~30 ml DEGETHIA Ik
vy R =D —IMAT S E = —IETIMOEEX L, &Y k- 7 v — F ETlAE TSR UE
i le d & TIEAT 2 o BBERD NG 0T B*, 5.5 cm OREEREHL No. 5 A THBL, B0
HCl MEQSTHE, b & O EatiiiidCli# - b3 %, HeSOs (1:1) 1, 27 TL®»L, HF 1ml
UL CRETIG LTHESS - T 5, DEO NaxCO: iz THREIL,  BEEBERE K THhHL,
EHORTEE L, ERRCET 5. BRBEIL, DED K:S:00 LBML, HSEEERnE >
HoSOs i &L TERRITEOFT 5. %K% 500ml 2 A « 753 A 223 DL 0, KTHTHTE
e L, No.97 o84 7ml, No. 98 D& 10ml % & D bl THmEEAK & L.

ZDX 57 HF-HeSOs JLENC K DTT L § = 9 2 FED b DA R 2 DR bERL et
HERDIC VDI RSF Y OENTHD ., HFEAFVIIT I =V L A+ v LR + v %2L
DT, TvE=TIE BB L X+ Y v O & 5 Itk » O bWl a L <IiEL
TTn =7 AOEFELILOKC L BERERXLEDTLTLEI 1B THD, LEeADTIuE—RicT
FTHOLNDHEEE T2 (Z DRI OV T3ME 3, p. 850 35X 0% p. 858 HE), B X 2B
A FYDFEEL TRV E I EEE RS ) I Lk, —5T¥ ) y0EEFTE2T50L
HATLC AR A b L O THEKRICI D T =Y o, GkbBWEF 2y ZERET 50
I TERE 7o R TR D 7 DI E b THII D L B OT, ZZTRERICE2THL. LA~

T OB 3 MH OMBEK &2 Lo b b1z L OEEEEL T TIHEOER A LD b,
G EIULIBE A + v PERIL T B RdThHEND, CRBHRR & Db, HaS04 0.5~1ml %
WL, &Y b« 70— b ECETEEWL, SOs & LT HoSOy % TEBTEITHREIETHLHFL,
K 10~15ml ZMXPAE T ETLIES CEAL TBWARARKE L, ZhTolize) s iiinsd,
IDX AT D EBEENRRLEL It TWADT, DHIT 0-7 =F VY Aw Y VEIz T3 <icids
I3 C, BERTH A ML TR LD THRAICFRAT 20 b Lt (S8 pH 2~9 DETSES) Ui

*FERED L IATESETILHIL TELEAREROLIEHEOFBIC BT, DG ii(&
LHHLNT WL b, FEEEEOEAIT S5 IR OBERENC X B AN RS TH A 5 . ZDBE
DX e IRBEO R AR HF LRI T 5 DR FATWD Z LILOWTE, #E
NHEARU TS, O TIE, 72d xE)IE - BEBY BNEXLTW5,
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Edh, 22T pH 22~3bWEARELTLLTEL TR ThHInsHd,

FollEgkTit HCL 2 L A L HWT wWiswibhe d, HCl BT3B HA XL, LEA2T

Na:.COs #illa LT HCl T v 2% 5 - BRL iKY 2 OGHTEOBERK L LTh L,
6.3.2 AR D 5T

6.3.1 DX 5L TOL DB Y 5.3 DIERICHEOTHHT L cfiifd Tab. 3 WRT. 20

ERES ERAERIC X B NBS e, No. 97 7V vk« 2L 4B XL No. 98
FTAFY 7 ZUAROFL T I =T LD%EE
Table 3. Determination of iron and aluminum in N. B. S. standard samples, No. 97
Flint Clay and No. 98 Plastic Clay by the proposed modified procedure.

& | T =Y I FRY
Iron ! Aluminum \ Titanium
FETHE ROR LR el | FEdr5E (RuRLLcE xfideE | HET HE
Fe.0s, Fe:0;, [ Error, | Al.QOs, i Al:O,, Error, ' TiO.,
present . found | absolute present \ found absolute present
% % % % | %o %
N. B. S. Standard sample No. 97, Flint Clay
0.98 0.98 0 | 3877 | 4l [ +2.40 2.28
0.99 +0.01 | L 412 +2.5
0.99 +0.01 1 i 41,24 | +2.45 ‘
SEH AV, 0.99 +0.01 SEHAv. | 4120 | 42,40
N. S. B. Standard sample No. 98, Plastic Clay
2.08 2.06 +0.01 ‘ 25.54 26.9s | +1.40 1.43
2.05 0 } 26.95 | +1.4
2.05 0 ! i 26.% i +1.26 |
|
AV, | 2.05 0 ,«%ﬁ@ﬂ;ﬂ _26.% +1.3 |

FEd Tab. 2 OFER L RSO FIERMRCERETCELOLHL, TALI=TYL2DOHIFE2YOE
RO PR TERVIG EOEERRL.

6.4 ERRERIOVLTOER

6.4.1 HEHEOER (Na:.COs #fldh 5\ ik HF-HoSOs LD X B HIC 2T 2T h Lo
TR LBET IO L FORFCOVTOETL 6.3.1 BIR) HBEREEL £5 RERHLEEEDR
AFviEAFv o5 bk, Ti (V) LNt e hd 2 OBERIC X 58 L T4 3 = ¥ 2 OFEEIY;
ERBIEIRO Db DTN BT, P REEORERCEEL € ) iflagogke 71 3 =
v ADREVIRE 2, 32 DT, HEDEEIEZLLRTAL (6.1). Tab. 1 13 FXv IxHHELK
FRUE XTI « BT, SHILBAATA I =Y ARNTERCEETEL LR LT 5.

6.4.2 DXL FRYNMIFETS L L5 B 6.2 & 6.3 DFERTLLART &z, Tab. 2 »
Tab. 3 1%, $kOHLF XY OFEBLC» b b PFERICEETELDIL, T3 =7 LDOFERILFX
VOFEBCSULERELY S5 2 L BRLTWS, SBBEDFRAD L, ALO L LTHA—%
YFATH TiO: L LTON— Y FATICIEWREGHERT S L5 THoHL, 12& H LBk
hh bt LI D THITED TE 7\,

6.4.3 HEHIFHOT AL I =V oL FrYOEBIFELNFR ALO; & LT 20~30% Figt e,
TiO: LT 0.1~1.5% Ti#ETHB L5 Thb, 72V DOEENZOFREL HHLITRS, AlOs &
L COSIHEDIERE: L 7eo T S EHS CREFE SN A RECBHENC S A 5 20 b, tho@fEkclbL
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TEb® T - i TH D DI, TFREIEZPPERVCLT, ZOEBEEPIELICIRAL T v
EEY, ThER FRVOEENNAT, L2JECT A =Y a2 ERICEEL WS, 2L
THATHZ LI TER,

6.4.4 ZOHRTWH L EEI b A EET 2 B4 BEMHKF TR, Tri=vat5zv0
FEED A — X =P EFH RS2 LD 3 FOLEREL TS5 THA I b, ZOITETIXRKIDL
DL HICHATE fou.

6.4.5 2 TZDIRAEERIZ T % v OB LHRTIFEL L LV E D, HESINCRLL T
WHRIBRWZ YL S, FERYBRTA 2 Y AR UIERL 5 513 2 DETIET S 2 L2 hho
TWBBERL, BEERCHEEL 5 e EOgRE T S = 4%, WEROMOFEL D L
S - FRECERTE D HKRE LT—IRC SHEL Tk« DE DRI T & v O SRk w8
KL, KBRCENT, IR ELIDELALVCEERDTWD (BOBEELX LIt LT, 743 =7 0%
HT5ENC, BEAERT 4 vy TF Xy RIERTELV L, Mgl e Licdl, 5 2L Pikh

D7),

7. 5

i

SFEHLY Y AHOMEBDOGRE T4 3 =2V A %EET 5 SpraN-Banks EDEEAD D T, EIEOMH
HECNWCETOUEREZE Z UIIREEEZEEL, oML L bARICRRE, 2¥0 2 L ibhotk,
1) K1) & 4) WRINTVD F XV ENDOBEA + v s LU 1 + v OFFREEEOREN O M
ERWT, Al LT 500pg ETHOTAI =223 Fe &L T5001g ¥ TOERME - T - TRERC
ERTHILNTED,

Q) FRYNIEETHLE, TAI=2VADFEMA TiO: L LTOR—ty 54T BWED
ALOs b LTOR— 2y TAYAMARTE I ) RIEHERX I TD X H1ind,

@) HEHEEACIZT M I 2V L OBERILLERTE WG L OFEDF X v EETHO0EHTHD
b, TOBWIEERZIDOFEFTIILDT LI =V ADEREEE LTERLLTGEAT S bIFCuLhn,
AR y—I o RN LIRED L DET L I =7 2 DR G T SHIOBERRETHL LEH>DT,
SHIBEHICERE 7 % v OTEOIFEIRCHEEL 2o, EROTNIGHTE 2 REEXERT2230 T
H%bo

oo, ZOERAIEERBOBRRIEICHEEL CT S R FEICHELRT 2,
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The Direct Photometric Determination of Aluminum with Oxine-I
-——Application to Soil Analysis——
The determination of iron and aluminum by the modified
SPRAIN and BANKS’ method

Kinnosuke Niina

(Résumé)

SpraiN and Banks'’ determine aluminum and iron in calcium metal by first
masking and determining the iron by the o-phenanthroline method, and then
extracting the aluminum as the oxinate into a chloroform phase and determining it
in the iron-free solution photometrically.

The writer has slightly modified the Sprain and Banks’ method as shown below,
chiefly for the convenience of operations in the routine analysis of soil, and tested
its applicability to the analysis of clays. The results obtained are shown in Tables
1, 2, and 3.

From these results and the findings of earlier workers!?’, the writer appreciates
the applicability of the proposed modified method as follows:

(1) In the absence of titanium or in the presence of it in negligible amounts
compared to the amount of aluminum, iron and aluminum in soil clays can be
determined simply, rapidly and accurately by this method.

(2) In the presence of titanium in not negligible amounts compared to the amount
of aluminum (for example, more than several tenths per cent of titanic oxide
compared to about twenty to forty per cent of alumina), the determination of alumi-
num becomes apparently inaccurate on account of the simultaneous extraction of
titanium with aluminum, whereas the determination of iron is accurate invariably.

PROPOSED MODIFIED PROCEDURE

a) The preparation of clay sample solution:

To a 0.1—0.15 gram sample in a 20-m! platinum crucible, add 2ml of sulfuric
acid (1:1) and 5ml of 46 per cent hydrofluoric acid. Heat to copious fumes and
cool. Wash down the sides with 5ml of hydrofluoric acid and again evaporate to
copious fumes. Cool and wash down the sides with water. Add 1 ml! of sulfuric acid
(1:1) and heat further to wet dryness. The expulsion of fluoride should be carried
out thoroughly for the determination of aluminum?. Cool and take up the residue
with 20—30m! of water and 1ml of sulfuric acid (1:1) into a 100-ml beaker. Cover
and heat just to boiling until a clear solution is obtained. If any insoluble mate-
rial is found in the solution, filter and ignite it in the crucible previously used, and
add a drop or two of sulfuric acid (1:1) and 1m! of hydrofluoric acid. Evaporate
to dryness and fuse the residue with a small amount of sodium carbonate. Leach
the melt with water and filter the solution. Ignite the filter and fuse the residue
with a small amount of potassium pyrosulfate. Take up the melt with dilute sulfuric
acid. Combine both solutions to the main solution. The combined solution is then

to be diluted to 500m! with water. Pipet out from it an aliquot containing up to
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500 micrograms of iron and up to 500 micrograms of aluminum into a 100-m! beaker.

Alternatively, the filtrate from the silica separation after alkali carbonate fusion
may be used.

b) The determination of iron:

Dilute the sample solution to about 20 ml. Add 1ml of a freshly prepared 10
per cent solution of hydroxylamine hydrochloride to reduce iron to the ferrous state.
Let the solution stand for 15 minutes. Then add 10m! of a 0.1 per cent colorless
aqueous solution of o-phenanthroline and mix well. Add 30 m! of ammonium acetate
buffer (Two hundreds grams of ammonium acetate and 100 m! of glacial acetic acid
are dissolved in water and diluted to 1 liter. The pH of the solution is adjusted to
approximately 5 with ammonium hydroxide and stocked in a polyethylene bottle) and
mix well. Adjust its pH to 5 with dil. ammonium hydroxide, using a glass electrode
pH meter. Let stand for 30 minutes at not less than 20°. Then transfer the solution
into a 100-m! measuring flask and make up to volume with water and mix well.
From this solution pipet out a 50-m! aliquot into a 100-m! beaker and reserve it to
determine aluminum.

Measure the extinction of the reddish-orange color of the solution remaining in
the 100-m! flask with a spectrophotometer at 508 millimicrons using a 1l-cm cell
against the blank similarly treated.

¢) The determination of aluminum:

Transfer the 50-m! aliquot reserved in a 100-m! beaker into a 250-m/ extraction
funnel (Fig. 1), wash the beaker with water two or three times and add the washings
to the funnel. Add 10m!/ of 1 per cent oxine solution in chloroform and shake for 1
minute, the excess pressure being released by carefully turning the stopper. Allow
the two layers to separate. Filter the extract into a dry 50-m/ measuring flask
through a filter paper wet with the chloroform reagent to remove traces of water.
Extract the aluminum with two more 10-m/ portions of the chloroform reagent,
shaking each time for 1 minute, and filter the extracts likewise. Then wash the
outside of the stem of the funnel and the filter paper with about 10 m! of the chloro-
form reagent into the flask. Make up to 50 m/ with the chloroform reagent immedia-
tely before the measurement. Measure the extinction of the yellow color of the
extract with a spectrophotometer at 390 millimicrons using a 1-cm cell against the
blank similarly treated.

d) The preparation of calibration curves:

Prepare calibration curves following the same procedure as shown above, using
a standard iron solution (1 m/=50 micrograms of iron) and a standard aluminum

solution (1 mI=50 micrograms of aluminum).



