ISSN 1347-3948

I4—IbLEY1LMI2RX

Journal of Field Science

No.2 2002

HWED
FHE I LT HEE
B

1 BUNE 74—V A A(1) BELEOBREFFSL LTORE TH &
[FER
13 ME#HIL - B » SHHRE N2 2 A L ZOBEAESRBIC L HIIEYG & HEOH Y GEX)
WS, fa B, KIETE, B ET, S8, WIIEE, ACRHIEE
HREF
23 FM ZEERFEICBIT 2 [ BB R oM ERE (E30)
fle e KEE—, BiRK—ik, BR %, WII R, L#HEHLT, DMEd
31 HRHETKET A —VEI 2=V 722805 EEKERROERIRN (2002)
AFRRETE, OB, REOW, NHERXRK, e T
37 7Y —AF—=NVAEEIIBT A HEILTOROREICOWT BT, PEIES, MHBE
B M
43 HENIBIT BEED O OIRBRR N A DR & Wik~ G A

RREIXFRIBMEBLEMBHE
24—V ATV RHBRAR LV R—

R 144E10 A



HWED
FI4TIZ LT

BB TRYEE B W O

WRUEE TR E R MR IR & UC Ry, SR, WEMAERER BRI RE SN TB) L
72o TNZEFMMAL, FICT7 4=V AT AT 2REMNBHEN L BN E LT, FHK124E 4
HAIRISHTPE 7 4 — v B Y4 =0 AEEWRL 5 — HRFS Yty ¥ —) PEEINE LA, Zoltiik
FERBR, KA, i, Bl EOS KR 7 4 — v FR AR O, BRERNE, ARk,
PR, AERESE, BRIRSE VIR WHE L FHEOBA IS L > TR - BEMEOMY, EIHGRIH & O
HKENB720DHEMEEZIToTVET,

ZOHRTREN L D OIZ, K% - i (ki) - RBCE 2R 7T 227 b [ETIOREFEHML -
HENBSEREAANNC & 2 WEINGER Y A T 2H%E] 2SS CwE T, ZOfRIR, SHiUEsSh LT3 %
i T SRR 2 I L TR TR AR O SRR HE L 2 8% 5 2 B OB %, KOHIR T TEO-ER
VAT AT AR TH ) 5. REIRIEMORFHEALTRAET LT V=T - ¥ Y R EON AK%
RETHHTHBINIZT VA MUETHRRES S THEORI L 32 LI, BERREEHWTHEENR
BAZOGHEE LTHHTAZ LD WRZEHN S AT ATHY 7,

FoMOSEHTH, HE - MMESERNIITbNTWET, ZOKEIE, ZOREO—E%E2 7 4 =V K44
IV AGEDY e MW THET 2 LIPS OHUFEL BV L TRl 2 LELTBY 7. &9 2Rk

CHEEBHCHL EFET,



7 4 =)V ¥4 X (].Field Science) 2:1-12, 2002

B AR

YR E 74—V FH A2 (1)
— LA OBUR L B L LCoRRE—

Ji

5. BARDEKEZDHRK

5.1 FL&IC

T ECTHUEMRIC OV A E LTE
A, HROBHELEIZEALZRRIZHLDESD
Mo BET (BBRER) XE=F) VT T7—%
o T, WML, BAKMLFEEET S,
BREEE L9834 & 0 A EIBIBL D [ R s o i
] 7o TV, WlkiksE, BRLFoE=%
Vo7 %2y bI—=0%RERHLTWS, 2O b
7 — 7 3EE 7 OORERHIROZNZENIZ 2 DDl
SEHL AT A B X, 143058 Hb SR T 5 AR 0 55— KGR
BT 5720 ZD%, WEH T OB HE O /LK
L, ABiEEEOLHE, 1+ 7u~x 7 J
T4 =R EH LGOI BN OEN, 7— 5 OFER
FHEOFEEALR L, ITB = — ARk &
EEBLENOT =Y 2EMLTE 7, &4 Xk
DB, HANGEE=F) v 7 LT EE L
EOTONh, EBENLL Yy hT—20—RELTYH
HEEREE R LT D,
CITRE=ZSIV VI TF=FDH) bARENTY
LIRFDT—5 ThDHHE I RKMEOMPEENRET
bo ZORPTHIEH AL \N1995~19974F FF % 3
O, E5ICZOHFPLBOHEMEDT— 7 % #A
75, S OICHMER IR L, BRI E
CAEFWRAREEFHLERREL Lz, ThEDOF
Y% A & R, IRE, ARG EOBINILE
B, A+ ViRESCEEOREREL EIAREK, B
X OB ER S OR 2o 720

52 REFEET—4

BB ORI RRAED 7 — 7 25 L T
TAHT— Y HROM L7, AREINTVWET—4D
ILEIOMETHAHHE 3 KL IR E L, WE
T oL Mg &Y, 77— oWEEICTT %
TEELRE, REMLRRELZBIRLZ, 22 T3,

{tl

gx2
7_Z;*

6 |2/~ 3 35 A HL T D1995~19974EED T — ¥ &
EATZ,

B R GRRH I B K R B BL D 3 4R 26 18 (wet-only
collector) THifE I N7z, B OHERAIAMIZ 4
fi¥dHy, H, #, FH, AoEhEnzHfisd
%o ZIZTIETRTHHALOMEIZIRE L Th & AT
CHW7,

FEKERRHIH %, BN h, L5346 % T
FERZOWEEIIRAE SNz ALEGIIEEERA
F v EBREERIIOWTf b, H % pH &
LCTHEL, /1 Fy27ux b7 721280,
SO¢7, NO,-, Cl', NH,", Ca*", K%, Mg, Na'
DAF U PEREINT, A4+ Y OWEREEIL5. 3.1
THBRRBEAF VNG VAL A F 2y 7 TiHlis R
7o H'e XD 6 HOB; A 4+ V12X 5 IEEM & SO
HREDIHDOBEA T VICXBABMOENENOR
B b HMENTHT LR EINL, HERD
WEFIT &2 &0, T ZEIRT 5 72D DORRE
DV INTz,

INHOFT—FIIRETICHED S BEKLY:, K
SALF e EOBME D O e DT A THRES, RS
h, K"EIhi,

5.3 HBREEE

5.3.1 97T —2OEOFHE

BARILFEDT—5, DFNAF L, el
BOBRENGONILE, TOT—5O5NkEL
P9 B LB D Do B b FEARWN LREHE T I A A
VNG U AF vz bbb T, ERWHE
DJFEINTHD o BRI ESMWISHETH 5 D
T, WEENLBA F 2L B IEOBMOMAS, [
CKBAF VICL2HDBROANEF LW &2
HEND,

i, WEL72A F v TRARB O F A
CEWVIAPGEICIT Do MIRIC X > TIIREAEA +
v, 7oAt 4 v, XlE, BEERZ: EOBREEEA 4

*I' Received May 31, 2002 ; Accepted July 8, 2002.

T IR 5129855,
2 EARMEEEA R T 108-8638 M ITHNE X 4 H4-6-1



2 T4 —=NVFEHFAL VA 257

Hte B

g

z?o ’;
Moty

lf \ RiEE
**Ey =8
KSRE
6\\\\;a5
<

\

INER

K 6. BRETOH 3 KMEOHED I B, SO OXFG & L7zl 2 T

YOFEGHEZON, THGEETHHBSNTW
T, BRWPEIHE SN ZVWEHICRZAY,
KMEDEA * v, BAFT UIPFHELINLDA F
YL TEAN PN SN TW AR D
ETERV, LL, I TORKILFEOREH
5, Ll L HAOEAKTIIENRE 2o T
LIMDAF LV TAF NG VY APHPTELD
T, WEHEOBEN LR TETH L L DI TDH
%o WMO (World Meteorological Organization,
HREGAERE) RO RKBE L Ay P T =2 T
ZDAF VNG Y ADE ZITHD G2
KOV EDIZH 5T Wb,

A+ NG Y ZADFHI T % BARICERS, &
T OUREE & I 2RI YA+ VIRETH
DT, WEOHRMMPEERE (ugml 'k L),
ELERE (moldm ™% L) THESN TG
i, A+ COREEZYEA 4 VIRE (ueqL '
E) WWHET L, DX, SR RELRLEAF ¥
LBEAT VOREOM, ThEhCl A, &KX

(90), (91) THHM TS, TZTx»»I, |
ZOHMOYWEDOLREREEZRTDHOET S,

b A 4+ >~ 1 (C) = [H] + [NH,"] + [Ca®] + [K']
+ [Mg*'] + [Na’] (90)

Baf 4 1 (A) = [NO; ]+ [SO&] + [CIT] (91)

COIFEDA F V THABOD WA, 5L
TWwarEEbNEA A+ v 2ZFTH L pH6 HEE
D ETHNIREP O ALK EOEIRCTHEET %
KEEKFEA A+~ (HCOy ), WA 4+~ (CO ), £
RIRBEZ X 57 vt A+ >~ (F) D5V IZRALY
A% Br), B ECHELRGEREA v, ¥
%A 4+ >~ (HCOO ), BEEzA + >~ (CH.COO), &
A 4+ > (C00C-CO0™) % &ETHh b,

A F 23T AN K B AR 4 D FEAKEEEHTD
WTIFb NS, &2 TIRAESSHLE O 3 ER O
PRI L CA NS v 2R LTB <,

AR O FEHI M E LW EETH B DT, A
F MEDKEEEZZ DOUEEARAET B0 F 7R
THo THMEITH L 7RI AN S 7207

| R s



B E 74—V FH A4 A2 (J5) 3

OB TAITEEOERNASTL b, FC
THEEOMICH LT (92) TEHFKT 4=, R%
HHLERSRD A F ViBEMEZ ZE L TR 2T

i %,
R, = (C-A)/(C+A) (92)
WAL, HARCREHER IS ST B 5Tl 35

X, W7 IVTBERAY PT—r D= 2T IV
HTH5D

(C+A) <50 eqL 'R 0.0%0.3 (93)
(C+A)50~100 ueq L™ D Ri0.0+0.15  (94)
(C+A) >100 geqL™' I R,0.0£0.08 (95)

CHUEA F Y DREDMRNT EZDHHTRE K
WITREVEZ ZRE L, BREERPHIC X 0 e b a2 52
F7bDOTH 5B, 7272, 50 ueqL™'&100 weqL™!
THREPAERNICEDLLDOT, EEEZEEL UF
OB E LB TLELRDO LN S,

A U 723540 5l o W PR EE 126§ % Ry
& (C+A) DHBRERITIRT, W, TRk

0.4
0.3
02 |
0L | og o
o 0.0 k---<>%§8<>--

0.1 | ©

0 200 400 600 800 1000 1200
(C+A)/peq L™
X 7. RIUCK B4 F N5 v 205
R, = {(C-A)/(C+A)}

% 3 S OIS E MR SR L CRB IS T 5
&, DT 3N DOIRERGI-I W LIk
% D FHIL0.081  HUHER/VE 0.082 /MR —0. 081,
2L, #if25KE LA THARW EFRIRTX
L5DT, TITRENZEEL THEZMNT 2D
D E LT, 5B DOT— 7 % WMRITELE 2D L,
5.3.2 BKEZET—-2DOHE

(@ A F H

SER R R E R DEARE LTE R OME S D
PEREE RS 5o PRI EAMCTY, SECE
Wi WL OO D %05, BEAMLEOB M
DIEARE % 2 PG BEKEINEFHERE (vol-
ume-weighted mean concentration, Cowm) T & 1,
X (96) TEFZEIND,

Con = ZCP /2P, (96)
(Ci, Pi: BEAKERRH ISR 2 1 & Feoka)
ISR E T 2 WIS L 722 TORKEE
D, EHEREBERICANT—20REE LILAE
AR 5V EAGE L72IRETH 5o

29 LCHMLA1995~19974E, 3 2MEIZD W
T, LM EOMEE L S S5IMEFY L2 HARS KD
PHREBLORAEREZR1ICE LD S, T4
DN T B A F VIREIZR 2R T B
T, BALEEZBMBIT 270K 11T L ORE
F=F ZHOTWLOPDOEEZ T o THI I,
BEARILED T — 51, FTHA T VFEORE % X
8D LA & v LA F VT TR
7 712L, RO RS 208 TH %,
COM%E, B3Rk EALFOREEZ QHIZB VT
ERTLE, ALFRBREZRETLIENTE S,

F1. MRS 5 BoKEINE PR & E R RS X OME S SME 7 2 -5 —

(DAAVBE (eql™

DI+ EEE (meam Py ")

RIE BKE R—E 5/ ILIE AEE R=EBALE
veq L' MEFIE EEFL 10% 50% 90% meam’y"' FIE EEHEM 10% 50% 90%
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nss-Ca2+ 92 047 47 80 141  He 859 036 488 776 1300
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He 538 021 409 535 681 RF 158 029 10035 16068 21796
Ai 436 016 342 446 532
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Cation(C) 1473 0.74
Anion(A) 146.7 0.76
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X 8. 1995~19974E %, 35iEM DL A F VK (ss-, nss-idFNZFNEHENE (seasalt), FEHEFENE
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T, K8IZoWTHZ B> CTiHHT %,
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EEROBRE L XU Dh D, BRELIZRK, HAAK
BH7-0ICEEN2WERETH S, WHEREITKETH
DHFARTT Y NE LTHIEL T LY EOWRE
L, TNHDREARNOIY 2 2 8P IR T
bo =L THRAKDRIZHOMBE R s LR
M TRESTL b DFDHTARZTO VIV
DPLFE L 3E ST, BkboAf + VBRI
BELLTLHIRELTWAEDIT TRV,

DX A A Y EBA T Y, ENENORIINT
VALTWAEIENbhE, TS 9o A
F VTR ORI TH L I L &, 55HTH
FEAS TSN & BRIBT 5,

X 8 OFHHMBIT K32 pHIZ pH4L.76TH Y,
55 2 KA D BT KT 3% pH4. 8L X5 &
FEALHLETH S,

51T, WED» S OGO L IEHEEED K
DENDBRTHMNG, 777 OLEMICE WV Na”
ECl, ZLTME DA A B4+, Th
FNOMED 0% HDOTWE, TNHDAL F iF
MEKD TG T %o WEKDRIKRD KRG S
N, ZORDPZEFEL TR 2D, EOBKIZ
o7z ET T HEAKMEICNY ZEN72bDTH
%o HROETIRFEZKLTBY, BlllHmzE
LR W 72 SR VLA VWO T, RO 503
RKEWZEPHFEIND,

MWARIZH SO R Ca" VEHEENTHY, BKIEE
W2 ALOTINS DA F ¥ 0%E % ik

DA OES L X 2 LENTTL b, TOHEF
W OhHED, E=F) 7BV TIENa = §
NTHHEHRTH 5 LRKEL, Na', SO, Ca™*
& OEE THAREKDIED SRELE TS ETO
W, —EEMET B0 WARDA F iREHIE L A
LbNTWwb DT, FiEHEEK DS (Non-seasalt
Fraction) #3U (97), (98) THFED BT ELMNTE
%5, 22T (SO& 1/ [Na']ss, ([Ca*']/[Na']ss&

[ss(seasalt) ] DfF WV 72HIX Y7 A & >~ DifEAKT
DIEFELL T, B ILdETEIZ 2112 10. 1206, 0.0432
TH5bo

[nss- SO = [SO27] = (SO )/[Na'] ss X [Na*]

= [SO/"] —0.1206 [Na'] (97)
[nss- Ca*'] = [Ca®'] — ([Ca*")/[Na']ss X [Na']

= [Ca*"] —0.0432[Na’] (98)

ZUEHIIZOVWT Na" & Cl°, ZREFRDOMESE
DO¥AIN % W5 &gk B A S 1> Tw
5 (K9)e ZNEDDBRICEDLDIEF, RUAWITFT
BENBVWEN—D2HLHTLTHbA,

SRR D 7 — % TH 503, MRKREKDIERE,
WERE A - 2R DS D B o MAMRIKDSA D &
FeRRBIATE R SN D 2 L1275 DT Na' 7 Ll
kDA T v OWRENRBEH NS 5, KX
(97), (98) 2*5b 2% & 912 Na" DR Dk
A nss-SO/ EDREEICHEHEREL T 50
T, nss-SO DWEDREENMMKL b, T HD
T—%1E Na' & Cl ORELKDOZN L HARE
Ao TWBY, A F &R 5D 5 Na BED
EE, Na EOWERAEL P L7z & nss-SOS
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9. &iMEHED Nat & Cl” DD R
DA F > ERT)

DIEEEDENE ) ZALT B Dh 7 &, BEOESEH
LIFIRL TH 5, EOEROAERE TRETH L,
(b) NO; & nss-SO.2
IEHEIERRIR A 4 ¥ R A 4 VTR IR
RPWEEICHEK T DOTHL, TTTINHDA
Y OMbLERFEOBRBEERD L HITEZ D, F
TR L F SRR AR S A R L 720,
WS & > THREEZ AR T 5. 29 LTKHED
B Do 72, TS OMEBERLMERIZAKDORT
KEAFTEINSDA F VICREET S (4.4,
X (65), (66))o & ZIIEIEMEOWEEMRL, B
OIS L VRO —FARH S D, M
OWEELTRETDHATHBLT VEZT DY
A, KICHEML NH, & OH IZf#BEs 5, 2o OH"
AH EPUBLTKREERL, KEAF VWP T
%o DF N RESIEOHHBUSAHEZ ) KFEA 4~
DRI 25 (4.4, 2 (67),(68), =
TR % Z L3 SO % NO, A S ICE D 5
BVOT, ML L CRICAEE L7220
WAty M4+ L LTE0T TORIRAS
NbHIETH5D, EBEOBRITIING &FitsERDS
R0, MEBEOHROKRA ¥ MWz 5720
I Eoftik Tt Th b,
STHEBOFIHE (X8) 1IZBWT, nss-SO.
R NO;,” OREIFZNZN29. T ueq L™, 14.9 ueq
L' Thbd, TN OHEMID - 7R Ok
EH29.1ueq L™, 14.9ueq L LM S, Y=
HHET2 11, BNVAEEZE T D1 LA EINS,

I, ThZhoRilkiTd % SO, NOx DA A
WRETHRL LEENVLETHREDFGNH L E V) T
el N Y

(c) NH," & nss-Ca**

R85 nss-Ca? XM D - 72 hi B
LI O —#0% P L 22 S sk A 4
YThorEEZLND (KX (69), (70), (71)) . nss-
Ca IR D AV ¥ 2EEWIC kT 5 L £ 2
ENDBH, TONEMOIEESHETH %o KM
T RIRBEC E B ) BIEA V¥ & (CaO) %
FENSREEH VT L (CaCO,) THHEEZD
nTwnb,

HARDOY G, S EHhEO®E L EED S O 13
WTORBERHLELT, RKEBANVITILTHLE
Wb b Z ED% v, IRIZHIWTT 5 & I L
T AEEt, WO N Y Y A TH S I LI
NThHERDNL, L L, BEWEICHET S
BT MEEWRe, T VT KED LD S Ok
ANy L (CaSO) DFHGOWREME D HE TE 7%
Vo ZORREEA VY MZKER T TS S L
Vo WA F Y EWERA 4 Y 2R T A%, Zhid
hETH Y pH ANDFH 137 {, nss-SOF DEFHK%E
EZDHEZOFGEBRIMT L LITO%H 5,

d) ZHOBA 4+ v & HOBAF > 0NT A

KB D pH, D F Y IKFEA F VBB & I
DING Y ATHREINLE NS, 4.5HTEALAZK
(82) DBARAHED D, 2 TH, FRIIHLEE LAl
M, W7 VE=ZTERBANVYTLATHLLET
5 e (83) DA T B, IhHDE, HHIIZA 4
VIIREES DT, AROEERINIET S F YD
BEIZELVWELTIVRS, BllXhbEZH
HEA (84) 2% 5,

Bl 7 — 2 1I2B VT (84) OBIFRDIEL L T
LWE)DERIENPDLLEN DS, HidpH & L
THMEEINDLZEREINLDA T Y DOHNHEEE
ZETHEN 84) 2EHEXLBL, 3HOBA 4~
L2HDBEAF Y OENENOMAELWE L,
X (85) THIEKT %,

[H'] + [NH,'] + [nss-Ca’’] = [nss-SO7] + [NO;s™]

(85)

HREHE O F— 2OV R, 3O
AF e 2oL F U lZEE LTI Y MY
&, 1 1OEBEEFLICILTESDVWTEY
(1¥10), Z @ H130.99+0.12, #5PA0.79—1.30
THolzo TNHHHERDEKIZBNT, HiEEE
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BrwWIEEE, TVESTERBANL I I LR ED
WAV 2B E WO RO L E 598, &
NPZFLZDLTHRAKOpHREDLEVZ LI, L
2L, nss-CaZ BEALAN T 2MLEWITH kT
LONEAHTH L, ZOHNTY T 2ALEWEPE
THILIIERENKELPETH 5,

) HARIZBIFAA A v Ops & ikl E O
W58 Ho R O VEAE B & IR EE O W I OB &
Ohtelzd, RE, KEBROThETNE, ThHOD
BEMRE, F72, &35 EOED10%, 50%, 90%
g8ty y A Vir B L (1),
B, LEmL A4 VMR LI ) EBRED
RESVRLDL, T TEHREOREENHAF
VR GFITTAI VG, 510, BEILEORE LV
BN S, NO,~ & NH, O AR OAF
(NO;,”+ NH,") ==N & &Ffifi 5, F 72, NH.'iZ
TEORTIIMIRICER T 20T, HEIZES>TO
EBOKEA A v O®TH D, (H'+ 2NH) =H.
12 (H.:Effective Hydrogen Ions) 2\ T Mt L
720 SNHO®RIL 5. 3. 3 TRELSHMIL, 233 %,
BEOEIRENP I LS F V% E K,
Na“, ClI°, Mg*, 0.30LL F @ % 1L 1ENO,", N,
SO, H., nssSO/ 7, MBiZZDHETH - 720 ik
HRIZOWTHEP MRS Y, K, Na*, Cl,
Mg O E B2 %X NH, ", nss-SO", NO;°, H., T
N, BEKEOZNAH0.40LLF, o £ 4 v Hik ik
INHDOMIZ A7z,

Na*, ClI', Mg i IcEFEEZ >4+ ¥ Th
A5, WHOREDOREVWHE S EZ ) TRV
TEHTH D L EBRL TS, 72 L IClE i
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[X10. H*, NH:" & nss-Ca*" @ 4 # & FE fll &
nss-SOL™ & NO;~™ D Y& B4R

MR & NREHUS OW T CH B DT (X 6)
BEREARKREVWE-RDbN S, 72, nss-SOL,
NO:™, H., EINIZMEEEED A 4 L ITHRD &
B, RE=mLLMHTHDLBMEINS,

72, =5 ) Y 7IEERMNICO5bD0THSH 0
O, WEmHEZET L2 TlREbhnIldd
o TOEI BT LTUI—t ¥ ¥ £ Vil
TS 200 YTH b, 50%MEIE A V7 VET
HHOT, WRHFHMHEE LR TAS &, ZEREO
INEVHDIZOVTIHIZIEFHLTWE (E1).

5.3.3 14> DBEEZDIRIE

(@) nss-SO#™ & NO;~

nss-SO ™ & NO,” DEE O BFR %2 7 5 720 A X
EER L CHA L E, FHEE D nss-SOL DIEED
1ZI)ANO, DZFN LD B EW (X11) - NO;™ & nss-
SO/ L D% & 5 LY 0.52, #PHIZ 0.21
(NEEJ) ~ 0.98 FHR) THh o7z Th b e
W TR D 5 DK DERVEAL N D F5-AVR & v &)
Wransd,

(b) NH," & nss-Ca**

[/ kk D MG % nss-Ca”>" & NH, IO W T B
o THhABE, F¥ 0.53, #PHIX 0.21 (FEAN
) ~ 1.35 GH) TH Y, HEEMEOHI VT T A
IDBT7rEZTOIE)ANEREE LTROPHAIZK
ELHFGLTVALIEDRDNS (M12),

(c) pH & pA

— i 7 B O R RO T B pH OfEIZFEARILED
RN R BETIED 505, TOMMIZIE pH O+45 7%
MFSUETH L, BllE N2 pH I, BREERED
NG Y ADKERTH B Z & ZFICHE L EBEAKILFED

20 | X
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=15 | &g &
g © o o
= s
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nss-SO, Jueq L

K11. nss-SO2™ & NO;~ Dk FE D B %
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MR—RE ORI BUSIZ G- 2 7ML, MRIThE
MEBLFEL LD THD I LITEHICE > TV
bo UL, WEDITHIE, TAKOT VE=ZTOD
WHITHME SN DAY, WAV VY 2EOEY
MM TH 5 OFEHIZE TV, {b2aa5HT
DFEEEEZ AL, BIZHT 2158 SO, NOs
DFHBA Ly ru< b7 70BN ECKEE
THESIN TS,

WLEIEDONT Y ZADRTH B KFEAF Bl
EENDA, EEICEINC A 5 DIFHEE DM D
M xE LS5/ pH TH D, pHHMlEDOBRELXE Z 5
&, pH ZKFEA & VIREICE# LT, SO, NOs
DWEEL IS I DD, SO, NOs DR % i}
BICE o TS 2505, ThoDHEo TWAIEE
EIRKBRICTEHNT 522 E0TE %,

UEDEZ FHITV->T, 4.4 fiBXU 4.5 fiT
WBR7= X512, FHIIEAKILEE pH & - log ([nss-
SO# ]+ [NO, D (Zo&%ZpA LER) ODZDOD
BTERTLIEERBEL TS, (INOs] + [nss-
SO IS DRI H > 72RO FE VRIS
HE% ANJBYEE (nput acidiy) & X VA, & &
o pHOEFKpH = -log[H'JIZH G EETA D
MELDEEL - log (Inss-SO ] + [NO; ) = pAi &z
LEpAIRDBEDEDHoBOMEEE pH THEL
bOITHYT %,

KIDPHLIOMEXFHET L L pA =436 THD
pH4.76 £ 0 0.4 pH AL 720KV &% %, &
D % MR HNCAT ) & 2ERORT AR TL S
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K12, NH,* & nss-Ca?* DB o BR

(X113) o pH i% pH 4. 48 (BEFTIH) ~ 5.74 (F°%B) T
HY, TOHPAIXL. 26 pH HALTH B, —FH, pA;
R AE & REHIEENEN, 4.24 (B, 4.56

JHR) TdH b &P 120.328, pHO#HHD 1/4 T
Holzs

(d) [H')V(NOs]+ [nss-SOZ) HAHWIEH /A

e OfE & RO RIS O & D B &,
EFEWFEIR A E S8 NI B, NO,™, nss-SO2
DREOMDP D > 2HBoOETHNE, H Tk
MOBIKST-BOBETH D, Lo CHV
(INO; ] + [nss-SO&7) kb (BB Wik [H /AL &
IR EICTD) BRMCH-MED) bfish
T -> TV L EEGERTHELRIBETH L, X8
Ot, TOH/AIX0.40 T, BBD 60%HHH S
NTLE-ZZ LI 5,

FUEH O H /A Oz HTHh B L, 0.03 (F
) ~0.79 (BHER) THY, ZhzhopH & pA
135.74 & 4.25, 4.52 & 4.41 THo72 (X14), 3
X BHMAHRE DO pH 13 H B HPHIZH -
T2 BbNhs, BT L L PO E H
WX DR > TWz720, PHIZDO pHIZd - LA
WHIPHDMEIZ R o 72 LIRS 5 2 LA TE %,

e) 7rE=T7 O LA FER LR, pH.

WELLT VB 24 F i HER oEwIC
XA ERIhD (i) . 1Mo7 vE=
AAF o 2MMOKFEAF v HBEL DT, 1
& o TEKFEA & VRS (H']+ 2[NH]) T
HLEE- oD FEICR L X (88). Th#E
TS 2 FEM A pH & LTHEL -log (H'] +
2[NH,']) %, pHIZ “effective” ® e 72T, pH.
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L7z (X (89),

ZWEMEDOpH. E pH%Z HLTH S & pH. i
4.15~4.63 DHFPIZH Y, pH & 0 HIRNFEPHIZ H
BLTwa (K15, F72pA Lk~ 2% L pH. D)
B, BB EZZ2 5L EpH R EOREEZHW
T (H]+ 2[NH, ] 120WT bAREDWLE bz,

5.3.4 XEE

(1) REALF v OibER

LA T HALRER, BRI S 72 0 BT AW
HELERIN, BELRKEOH TR INS,
WEHENIZ BT 2 KWER L TOA A+ VL m x4
ik m s LCTEIITRT,

CITRFEEAF VREINL EOBEOLAE =
IZOWVWTERET S,

(@) nss-SOS & NOs~

nss-SOS DILFBE AKX W E 2 AIENO, DL
B HAKE L, nss-SOS & NOs™ & Dl TILA =D
WK THo72 (FNZENT7.3, 40.3meqm 2y ")

(F£2)o T, RUERTRSE, ik, AT O
W H T D { o nss-SO2 & NO, DL &=
DO iE/MEIZ VTS IR TEI X, nss-SO/ -
20. 8meqm "y, NO;™ :8. 3meqm '’y '"TH -7
CNELZZITICE M BETOMEM (nss-SOS ;
9.3meqm’y !, NO; ! 2.7meqm?’y ") & kX
L, BRCTORERIMEED 2 ~3HHRETH
D, WED1/5~1/4ETH 7,

(b) NH," & nss-Ca**
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5.3.3 (6) TRk, HfEhTHT v E=
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WZOWTRTAL, D720 2 OERM ZRKFE
14+ oikERET H LHELZ LT 5,
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Article

Contamination of the sediments and soils with thallium and
related harmful metals discharged from the Hosokura Mine and
Smelter, Miyagi Prefecture, Japan™

Teruo Asami**? Satoshi Saex1*?, Chizuru Mizur*?, Naoko Nocamr*?,
Masayuki Takanasuar™?, Hirotake Nisuikawa ** and Masatsugu Kusora **

We determined the total concentrations of Tl and nine related harmful metals (Cu, Zn, As, Ag, Cd, Sb, Te,
Pb, and Bi) in 10 sediment samples and 19 soil samples collected near the Hosokura Mine and Smelter. The
Hosokura Mine and Smelter, which previously produced large amounts of Pb, Zn, Cd, and Ag and smaller
amounts of Cu, Sh, T1, and Bi, discharged fumes, dust, and waste water. The maximum concentration of TI

(79.9 mg kg ' DW) in the sediments was observed at a site about 1 km downstream of the contamination
source and was 258 times higher than the background level of soil TI. However, the Tl concentration in the
sediments decreased downstream. The TI in soils was also higher near the contamination source but was
much lower than that of the sediments. The maximum concentration of soil T1 (2.39 mg kg™ ' DW) is 7.7
times higher than the background level. The geometric means (mg kg™ DW) of Cu (302), Zn (3930), As

(132), Ag (11.8), Cd (49.5), Sb (35.4), Te (7.55), T1 (17.5), Pb (2080), and Bi (13.9) concentrations in the
river sediment were 16, 66, 19, 157, 168, 96, 184, 56, 121 and 41 times higher than the background levels. In
comparison, the geometric means (mg kg ' DW) of those metal concentrations in the soils were Cu (48.4),
Zn (472), As (27.0), Ag (0.96), Cd (2.85), Sb (4.03), Te (0.19), T1 (0.58), Pb (263) and Bi (0.65) and were 2.
6,79,4.0,12.8,9.7,10.9, 4.6, 1.9, 15.3 and 1.9 times higher than the background levels. From these results, we
assume that the harmful metals affect not only the organisms in the rivers, but also the growth of crops. T1,
Cd and some of the other metals will be absorbed by crops and consequently consumed by human beings.
High correlation coefficients of nearly all the metals in the sediments and soils were obtained. This means
that the contamination source is the same : the Hosokura Mine and Smelter.

Keywords . Hosokura Mine and Smelter, contamination, thallium, harmful metals, sediments, soils, Japan.

In 1979, a serious situation developed in Germany
1. INTRODUCTION
(Schoer, 1984), when a cement factory caused

Thallium (T1) is a highly toxic element, and, un-
til now, neither TI nor its compounds have had any
widespread industrial application. Only a small
amount of Tlis used in alloys (anti-corrosion), op-
tical lenses (increases refractive index), low-tem-
perature thermometers, dye and pigments (artist
paints), semiconductors, fiber-optic cables, vapor
lamps, scintillation counters, portable radiation (y
ray) detection devices, and organic chemistry

(catalyst) (Mulkey and Oehme, 1993).

heavy TI contamination of the environment. The
soils around the factory were contaminated with TL
Leaves fell from trees in June, sheep died without
any outward signs of disorder or disease, and rab-
bits and horses were reported to lose fur and hair.
High concentrations of T1 were found in green cab-
bage, grains and beef tissues. Epidemiological inves-
tigations indicated that hypersensitive persons
might have been chronically poisoned. The TI origi-

nated from pyrite roasting that was used as Fe,O;

*I' Received Apr. 20, 2002 ; Accepted Aug. 2, 2002
** School of Agriculture, Ibaraki University

** Present Adress : 3-24-11 Tennodai, Abiko, Chiba 270-1143, Japan
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additives for producing special types of cement. In
the Peoples’ Republic of China, Tl from a aban-
doned Hg mine polluted agricultural soil and was
absorbed by crops (Zhou and Li, 1982). From 1960
to 1977, 189 cases of chronic Tl intoxication via Tl-
polluted food were found (Zhou and Liu, 1985).
Pollution from Tl was previously thought to be
restricted to localized occurrences. However, since
the discovery of high-temperature superconducting
compounds in the system TI-Ca-Ba-Cu-O (Dagani,
1988), Tl has attracted greater attention as a poten-
tial future pollution source on a large scale (Asami,
1991 ; Sobott, 1993).
Environmental
heavy metals such as As, Cu, Zn, Cd, and Pb has

been frequently reported near mines and smelters

contamination from various

in many countries (Asami, 1988). However, very
few studies have been carried out on the contami-
nation of sediments and soils from Tl

The Hosokura Mine and Smelter produced small
amounts of Tl. Large amounts of Pb, Zn, Cd, and
Ag and smaller amounts of Cu, Au, Sb, and Bi have
also been produced (Tsubotani eral., 1965 ; Miyagi
Prefecture, 1980 ; Sato, 1987). Thus, we determined
the concentrations of Tl and nine related metals

(Cu, Zn, As, Ag, Cd, Sb, Te, Pb and Bi) in the sedi-
ments and soils near the Hosokura Mine and
Smelter. To our knowledge, studies on Tl and Te
contamination of sediments and soils from mining
and smelting activities have not been conducted in

Japan.
2. THE HOSOKURA MINE AND SMELTER

The Hosokura Mine is situated in Uguisuzawa
Town, Miyagi Prefecture, Japan. This mine was dis-
covered in the ninth century, and the main ores are
galena (PbS), sphalerite (ZnS), and pyrite (FeS,).
Moreover, there are also accompanying ores of chal-
copyrite (CuFeS.), stibnite (Sh.S;),

(FeS.) and pyrargyrite (Ag:SbS;) (Miyagi Prefec-
ture, 1980).
Silver smelting began in the 17 th century, Pb

marcasite

smelting in the 19 th century, and production of
electrolytic zinc in 1916. In recent years, about 1000

t day ' of raw ores containing about 15 g Pb kg™

and 42 g Zn kg ' have been mined. The Hosokura
Mine ceased operation in 1987, after producing
about 23 X 10°t of raw ores. At present, only Pb
smelting continues, using imported ores. Maximum
annual production of metals in recent years was as
follows : 1550 t of Cu (1962), 21783t of Zn (1977),
63t of Ag (1984), 131t of Cd (1970), 62 t of anti-
mony oxide (1949), 22190 t of Pb (1978) and 40 t of
Bi (1962). Tl was produced only in 1944 and 1945
(1.007 kg and 1.622 kg, respectively) (Sato, 1987).
Contamination of sediments and soils from harmful
metals has a long history in this area. Harmful met-
als in the dust and fumes from the chimneys have
been deposited on the forest, field, and paddy soils
around the smelter. The harmful metals contained
in mine water and waste water from mines, smelt-
ers, dressing factories, and waste heaps flowed into
the Namari River. The Namari River originates
from the mining area of Uguisuzawa Town, flows
through a number of hamlets, and joins the Ni-
hazama River, which flows through Uguisuzawa,
Kurikoma, and Kannari Towns, where many paddy
fields are located. The Nihazama River joins the
Ichihazama River, and flows into the Hazama River,
and then into the Kitakami River that finally flows
to the Pacific Ocean. The harmful metals in water
and suspended sediment of the rivers have been
carried into paddy fields with irrigation water.
Moreover, the slime containing the harmful metals
flowed into paddy fields due to the destruction of
the precipitation ponds and overflowing of the riv-
ers when the area was hit by typhoons in 1948 and
1949 (Miyagi Prefecture, 1975).
In 1968, the Japan Public Health Association
(1969) discovered that the river sediment and the
paddy soil were contaminated with Cd, Pb, and Zn.
After a detailed survey, 212.2 ha of paddy fields in
the Namari and the Nihazama River basins were
found to be contaminated with Cd. In addition, 24.68
ha of paddy fields in Uguisuzawa Town that were
heavily contaminated with Cd were designated as
the agricultural land soil pollution policy area under
the Agricultural Land Soil Pollution Prevention
Law (Miyagi Prefecture, 1980). Since the irrigation

water from the Namari River was heavily polluted
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with Cd, the river water from upstream of the Ni-
hazama River was pumped up at the Nakayama
Pump Station, and paddy fields in the Namari River
basin were irrigated from Ootakezawa Pond (Miy-
agi Prefecture, 1980) (Fig. 1).

3. MATERIALS AND METHOD

3.1 Sampling of sediments and soils

Surface sediment and surface soil were sampled
in September 1994 using hand shovels. The sedi-
ment samples were taken from 10 locations : four
from the Namari River, four from the Nihazama
River, and one each from the Ichihazama and the
Hazama Rivers. Similarly, soil samples were taken
from 19 locations : one from a forest, three from up-
land fields, and 15 from paddy fields. The sampling
sites are shown in Fig.1. The sediment and soil sam-
ples were stored in polyethylene bags and trans-

ferred to the laboratory.

3.2 Analytical method

The sediment and soil samples were air-dried at
about 50C and passed through a 2 mm sieve.

To determine TI and As concentrations, 5.000 g
of the samples were digested with 25 mL of concen-
trated HCIO,-HNO, (4 :
beaker. After digestion, the acids were evaporated

1) in a 300 mL conical

until the residue in the flask became syrupy. We
cooled the residues, added 20 mL of distilled water,
and filtered the residue into a 100 mL volumetric
flask. The sample solution had an acidity of about 1
M HCIO. (Asami et al., 1996). The concentration of
Tl was determined by flame AAS after separation
of the extracted Tl into di-isopropylether from HBr
solution including Ce (SO.), (Asami et al., 1996) .
The concentration of As was determined by continuous
hydride generation-AAS (Kubota et al., 1990).

To determine Cu, Zn, Ag, Cd, Sb, Te, Pb and Bi

concentrations, we placed 5.000 g of the samples to
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Fig. 1. Sampling sites and the TI concentrations in the sediments and soils.
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a 100 mL Erlenmeyer flask fitted with a Liebig con-
denser and boiled it gently with 20 mL 6 M HCI for
1 hr on a sand bath. We then filtered the extract
into a 100 mL volumetric flask (Asami and Kato,
1977 ; Asami et al., 1992 ; Saeki et al., 1995). We de-
termined the concentrations of Ag, Cd and Pb after
extraction with Na diethyldithiocarbamate (DDTC)-
methylisobutyl-ketone (MIBK ) by flame AAS

(Asami and Kato, 1977 ; Saeki et al., 1995) . Simi-
larly, we determined the concentrations of Cu and
Zn by flame AAS by direct aspiration of the diluted
sample solution. We then determined the concen-
trations of Sb and Bi by continuous hydride genera-
tion-AAS (Asami e al., 1992). We also determined
the concentration of Te by continuous hydride
generation-AAS with standard addition method

(Kubota et al ., unpublished). All the reagents used
were analytical-reagent grade. To establish the ana-
lytical methods for total amounts of As, Ag, Sb, Te,
Tl and Bi in soils, we used four reference soils from
the Canada Centre for Mineral and Technology.
The HCIO,—HNO; digestion method has been used
in Japan for determining total amounts of Cu, Zn,
Cd, and Pb in soils. However, we used a much sim-
pler method to digest the soils with 6 M HCI after
confirming that nearly the same amounts of these
heavy metals were obtained by both digestion

methods.

4. RESULTS

4.1 Concentration of Tl in the sediments and
the soils

Concentrations of Tl in the sediments and the
soils are shown in Fig. 1, Table 2 and Table 4. The
main Hosokura Mine and Smelter facility was situ-
ated between sampling site R 1 and R 2.

The background levels of TI and the related met-
als in Japan and the world (Bowen, 1979) are
shown in Table 1. The background levels of these
metals in the Japanese soils coincide fairly well with
those worldwide, irrespective of the mixture of the
metal-contaminated soils. Because sediments are
composed mainly of soil materials, we compared the
metal concentrations in the sediments and the back-
ground levels of the metals in Japanese soils.

The TI concentrations of the sediments were
very high near the main facility of the mine and
smelter, but decreased downstream. The maximum
concentration (79.9 mg kg™ DW) was observed at
site R 3 about 2 km downstream of the main facility,
which is 258 times higher than the background
level. The Tl concentrations of the sediments of the
Nihazama River are lower than these of the Namari
River, while Tl concentrations of the Ichihazama
and Hazama Rivers are lower than those of the Ni-

hazama River. The geometric mean of the TI con-

Table 1. Concentrations of T1 and related harmful metals in uncontaminated

surface soils of Japan and the world.

(mg kg™ DW)

Elements Japanese soils World soils?
Geometric means (ranges) medians (ranges)
Cu 19.0 (7.95-44.0)° 30 (2-250)
Zn 59.9 (16.0-105)" 90 (1-900)
As 6.82 (0.90-46. 32)° 6 (0. 1-40)
Ag 0. 075(0. 024-0. 167) ¢ 0.05(0. 01-8)
Cd 0. 295(0. 056-0. 801)° 0.35(0.01-2)
Sb 0.37 (0.13-0.91)° 1 (0.2-10)
Te 0. 041 (0. 010-0. 049) © —
T1 0.31 (0.10-0.56)F 0.2 (0.1-0.8)
Pb 17.2 (9. 25-41.8)° 35 (2-300)
Bi 0.34 (0.12-0.91)" 0.2 (0.1-13)

* Bowen(1979),

¢ Kubota et al. (unpublished),

> Asami et al. (1988),
¢ Environmental Agency, Japan (1984),

9 Asami et al. (1994),
f Asami et al. (1996).
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centrations of the sediments is 17.5 mg kg™' DW,
which is 56 times higher than that of the back-
ground level.

The TI concentrations in the soils were higher
near the main facility, but the amounts were much
lower than those of the sediments. This can be at-
tributed to the fact that uncontaminated water has
been provided from the Nakayama Pump Station.
The maximum concentration of soil TI was 2.39 mg
kg™ DW, which is 7.7 times higher than the back-
ground level. The geometric mean of the TI concen-
tration of the soils is 0.58 mg kg™' DW, which is 1.9
times higher than that of the background level. A
somewhat high value was observed in site S 12, al-
though the reason is not clear.

4,2 Concentrations of Tl and related harmful

metals in the sediments

The total concentrations of Tl and related harm-
ful metals in the sediments are shown in Table 2, as
well as the geometric mean, minimum, and maxi-
mum concentrations of each metal. The rates of the

geometric mean, minimum, and maximum concen-

trations relative to background levels are also
shown in Table 2.

Except for Zn, the concentrations of the metals
were maximum at sites R 2 or R 3, but decreased
abruptly at site R 5 because of the inflow from the
Nihazama River, and then decreased gradually to
site R 10.The amount of water flow of the Nihazama
River is much larger than that of the Namari River.
The maximum concentration of Zn occurred at site
R 1, about 1 km upstream from the main facility.
The reason for this phenomenon is not clear. The
pattern of the decrease in Zn concentration after
site R 3 was nearly the same for the other metals.

The order of the rate of the geometric mean con-
centration relative to the background level of each
metal is Te> Cd> Ag> Pb> Sb> Zn> TI> Bi> As>
Cu. The order of the rate of maximum concentra-
tion relative to the background level of each metal
is Te> Ag> Sb> Bi> Pb> Cd> TI> Zn> Cu> As,
and the order does not coincide well with that of the
geometric mean concentration of each metal.

From the above results, we concluded that the

Table 2. Concentrations of TI and related harmful metals in the sediments

of the Namari River and its downstream rivers. (mg kg ' DW)
Site Cu Zn As Ag Cd Sb Te Tl Pb Bi
Sediments of Namari River
R1 433 12000 984 866 886 321 270 178 3520 189
R 2 2170 5550 436 100 120 388 102 265 13600 327
R3 1730 10400 499 125 257 367 464 799 15200 183
R4 991 9980 404 569 87.1 177 292 313 9860 748
Sediments of Nihazama River
RS 223 2400 86.7 8.94 218 147 6.74 108 1240 5.47
R 6 309 5210 225 13.1 54.6 292 105 211 1950 104
R7 160 2990 792 610 390 138 521 174 1100 432
R 8 162 3600 915 7.55 579 229 878 179 1260 8.84
Sediment of Ichihazama River
RO 768 1260 492 2.92 228 107 236 6.59 539 3.01
Sediment of Hazama River
R10 288 587 26.1 0.54 6.06 260 021 481 115 0.49
Geo.mean 302 3930 132 118 49.5 354 755 175 2080 139
Minimum 28.8 587 26.1 0.54 6.06 260 021 4.81 115 0.49
Maximum2170 12000 499 125 257 388 102 799 15200 327

The rates of the geo.mean, minimum, and maximum concentrations to the background levels

GM*BL® 16 66 19 157 168 96 184 56 121 41
Min/BL L5 10 4 7 21 7 5 16 7 14
Max/BL 114 200 73 1667 871 1049 2488 258 884 962

* geometric means, ° background levels.
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river sediments were heavily contaminated from T1
and related harmful metals. Thus, a very large
amount of these metals have come down the rivers,
and the organisms in the rivers may have suffered
from these harmful metals. Similarly, the paddy
fields in the river basins are also contaminated with
these harmful metals.
According to the Japan Public Association

(1969), the amounts of Cd, Pb, and Zn in the
Namari River sediments were 17.25, 1270 and 3120
mg kg ™' at one site and 8.54, 890 and 1544 mg kg™
in the other site. Amounts in the Nihazama River
sediment were 8.20 (Cd), 430 (Pb), and 1244 (Zn)
mg kg™, and those in the Hazama River sediment
were 5.00 (Cd), 105 (Pb) and 608 (Zn) mg kg™
The two sites of the Namari Rivers were adjacent
and about 2 km downstream of site R 4. The Ni-
hazama River site was a little downstream of site R
5, while the Hazama River site was about 1 km
downstream of site R 10. The amounts of Cd, Pb
and Zn in the sediments of the Namari and Ni-
hazama River were much lower than our data, and
those of the Hazama River coincided well with our
data. From these results, we assumed that the sedi-
ments of the Namari and Nihazama Rivers became
heavily contaminated with TI and related harmful
metals after 1968. The amount of raw ore mined
was also much higher after 1965 (Sato, 1987).

J. Field Science 2

4.3 Correlation coefficients among Tl and re-
lated harmful metals in the sediments

Correlation coefficients among Tl and related
harmful metals in the river sediments are shown in
Table 3. Tl is significantly correlated with Cd at the
0.1% level, with As, Ag, and Pb at the 1% level, and
with Cu, Zn, and Sb at the 5% level. Because the
Hosokura Mine and Smelter produced large
amounts of Pb, Zn, Cd and Ag, the correlation coeffi-
cients among these metals are very high (p<0.
001) (except for Zn).Correlation coefficients of Cu
as compared to As, Ag, Sb, Te, Pb or Bi; Ag as
compared to As, Sb or Bi; and Pb compared to As
or Sb are also very high (p<0.001). These results
clearly show that the contamination source of these
metals is the same : the Hosokura Mine and Smelter.

4.4 Concentrations of Tl and related harmful

metals in the soils

Total concentrations of Tl and related harmful
metals in the soils are shown in Table 4, as well as
the geometric mean, minimum, and maximum con-
centrations of each metal. The rates of the geomet-
ric mean, minimum, and maximum concentrations
relative to the background levels are also shown in
Table 4. The soils are arranged from the upstream
sites to the downstream sites. Site S 1 is forest soil ;
while sites S 2, S 6 and S 7 are upland field soils ;
and the others are paddy soils.

Table 3. Correlation coefficients among Tl and related harmful metals in
the sediments of the Namari River and its downstream rivers.

Zn As Ag Cd Sb Te Tl Pb Bi
Cu 0.525 0.918%** (.959%** (0.797** (0.989%** (0.946*** (0.703* 0.969*** (.970%**
Zn 0.620 0.535 0.711% 0493 0.288 0.641% 0.639* 0344
As 0.946*** 0.830%*  0.928*** 0.803** 0.815%* 0.962*** (.816**
Ag 0.897*** (.986*** (.844** (.856** (.983*¥* (.88o***
Cd 0.837*#* 0.589 0.967*%* 0.877%** 0.672*
Sb 0.918%** (.765% 0.978*** (.952%**
Te 0475  0.848%*  (.988%¥*
Tl 0.819** 0553
Pb (0.886%**

Number of samples is 10.
** Significant at 1 % level

*** Significant at 0.1 % level.
* Significant at 5 % level.
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Table 4. Concentrations of Tl and related harmful metals in the soils around
the Hosokura Mine and Smelter and in the basins of the Namari

and its downstream rivers. (mg kg ' DW)
No. Cu Zn As Ag Cd Sb Te Tl Pb Bi
S 14 181 404 910 370 132 252 1.88 2.39 2630 7.10
S 28 204 1720 847 743 136 222 1.19 2.05 2350 4.03
S3 136 1760 232 468 39 11.0 0.67 0.78 1230 2.98
S 4 555 542 20.0 1.74 268 507 032 0.51 343 1.78
S5 259 240 93 035 3.11 248 0.12 0.60 161 0.83
S 6° 332 313 116 061 294 254 021 0.35 246 1.09
S 7B 512 275 177 089 224 3.04 023 0.44 172 1.42
S8 643 678 167 116 381 49 031 043 290 1.78
S9 246 117 253 016 069 193 005 028 59 020
S10 443 635 564 065 3.06 432 0.10 0.40 184 0.35
Si1 465 1010 60.1 145 405 497 0.10 0.52 313 0.48
S12 525 967 608 207 488 58 021 1.55 557 0.36
S13 86.7 588 255 200 272 412 010 0.61 438 0.32
Si4 457 703 41.1 084 402 360 0.11 0.70 217 0.31
S15 348 627 303 1.81 441 4.01 0.14 0.51 404 0.31
Si6 396 708 445 1.95 358 502 013 0.49 453 0.34
S17 247 150 100 0.13 0.59 1.00 0.13 0.34 32 0.18
S18 184 150 115 014 067 1.07 0.11 0.42 31 0.18
S19 232 232 162 027 1.02 1.37  0.11 0.26 58 0.20
Geo.mean 484 472 270 09 285 403 0.19 0.58 263 0.65
Minimum 184 117 93 013 0.59 1.00 0.05 0.26 31 0.18
Maximum 204 1760 91.0 743 136 252 1.88 239 2630 7.10

The rates of the geo.mean, minimum, and maximum concentrations to the background levels

GMY/BL® 26 79 40 128
Min/BL 1.0 20 14 17
Max/BL 10.7 294 133 991

9.7

20

46.1

109 4.6 19 153 19
27 1.2 0.84 1.8 053
68.1 495 17 1529 209

A Forest soil, ® Upland field soil.

Relatively large amounts of some harmful metals
were found in sites S1, S 2 and S 3. These three
sites are within 2 km of the main facility of the mine
and smelter, and the metals in sites S1 and S 2
were derived mainly from the fumes and dust dis-
charged from the chimneys of the smelter. The
Nakayama Pump Station which is located at the up-
stream site of the Nihazama River, pumps clean
water to Ootakezawa Pond, and the water in this
pond is used to irrigate the paddy fields of the
Namari River Basin (Miyagi Prefecture, 1980). The
pump and the pond are shown in Fig.1. Therefore,
the concentrations of harmful metals in the paddy
soils, sites S4, S5 and S8, are not so high.

The order of the rate of the geometric mean and
the background level of each metal is Pb> Ag> Sbh>
Cd> Zn> Te> As> Cu> TI1=Bi. The metals pro-
duced in larger amounts (Pb, Ag, Cd and Zn) ex-

® geometric mean, ® background level.

hibit high rates. The maximum concentration of
each metal is derived mainly via air, since the maxi-
mum concentrations were shown in a forest soil or a
field soil. The order of the rate of each metal is Pb>
Ag> Sb> Te> Cd> Zn> Bi> As> Cu> TI, which is
nearly the same as that of the mean concentration
of each metal.

4.5 Correlation coefficients among Tl and re-

lated harmful metals in the soils

Correlation coefficients among the soil concentra-
tions of Tl and related harmful metals are shown in
Table 5. Tl is significantly correlated with these
metals (except Zn) at the 0.1% level. Correlation
coefficients at the 0.1% level are also observed for
Cu compared to Ag, Cd, Sb, Te, Pb, or Bi, Zn com-
pared to Ag, As compared to Ag, Cd, Sb or Pb, Ag
compared to Cd, Sh, Te or Pb, Cd compared to Sb,
Te, Pb or Bi, Sb compared to Te, Pb, or Bi, Te com-
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Table 5. Correlation coefficients among Tl and related harmful metals in
the soils around the Hosokura Mine and Smelter and in the basins
of the Namari and its downstream rivers.

Zn As Ag Cd

Te Tl Pb Bi

Cu 0.659**% 0.676%* (.923%** (.885%** (.951%** (.895%** (.836*** (.957*** (.874%**

Zn 0.501*% 0.833%** 0531* 0.538* 0357 0.454 0.549* 0338

As 0.643%*  0.837%*%* 0.790%** 0.664** 0.817*** (.755%** 0.574*
Ag 0.825***  (.856*** (.734*** (. 756%** (.875%** 0.694**
Cd 0.957%** (.880%** (.925%¥* (.946%** (.838+*+*
Sb 0.964%%*  0.914%**  (.994*** 0. 926%**
Te 0.873%#4  0.960%*# 0,081 ***
TL 0.914%** (0,801 ***
Pb 0.917***

Number of samples is 19.

*** Significant at 0.1 % level.

** Significant at 1 % level. * Significant at 5 % level.

pared to Pb or Bi and Pb compared to Bi. As stated
before for the river sediment, these results indicate
that the contamination source is the same : the Ho-

sokura Mine and Smelter.
5. DISCUSSION

Environmental pollution problems involving Tl
have occurred in China and Germany. From 1960 to
1977, 189 cases of chronic T1 poisoning occurred in-
termittently in a rural area in southwest Guizhou
Province in China. Environmental and epidemiologi-
cal data indicated that soil polluted by waste slag on
which vegetables were grown was the source of T,
and consumption of cabbage from the polluted soil
was probably the route of entry into the human
body. The mean (range) of the garden soils was
43.2 (28.3-60.5) mg kg ™' and that of cabbage was
41.7 (39.0 — 48.6) mg kg™' (Zhou and Liu, 1985).
Zhou and Li (1982) reported that 5.8 mg Tl kg™'
was found in the vegetables grown in the acid soil
containing only 4.5 mg kg™".

In August 1979, a cement factory in Lengerich,
northwest Germany was discovered to have emit-
ted Tl in considerable amounts. Damage to plants
and domestic animals had been observed near the
factory for a number of years. In order to obtain in-
formation about soil contamination around the fac-
tory, five trajectories in northern, north-western,
eastern, south-eastern, and southern directions
were drawn to a distance of 5 km with sampling

point intervals of 500 m. High Tl concentrations

were found at 500 m from the emitting stack in the
eastern (6.9 mgkg 'DW) and south-eastern direc-
tions (6.3 mg kg™' DW). Tl concentrations of the
soil decreased rapidly with increasing distance from
the emitter, reaching the detection limit of 0.1 mg
kg ' DW at 2000 m. The percentages of distribution
of the investigated soil samples were 77% less than
0.5 mg Tl kg™' DW, 8% 0.5 to 1.0 mg Tl kg™' DW,
and 15% 1.0 to 10.0 mg Tl kg™' DW. In 1979, a total
of 771 samples of edible plants from a narrow range
around the facility was investigated. Within a 4 km
diameter area, the center being about 500 m east of
the emitting stack, 145 of the 771 plant samples ex-
ceeded the declared limit of 0.5 mg kg™' FW. The
concentration in kale was extraordinarily high, in
one case 45 mg kg ' FW. Other vegetables such as
kohlrabi, savoy and white cabbage contained 1 to 10
mg kg ' FW without any external sign of damage

(Schoer, 1984) . Increases in Tl excretions were re-
corded in the local population near the cement fac-
tory. Means (ranges) of Tl concentrations in urine
and hair of the population in the cement factory
area were 5.2 (<0.1—-76.5) pg L' (n=1265) and
20.3 (0.6 —565) ug kg™ (n=1163), respectively. A
total of 992 (78% ) exposed persons had urinary
levels exceeding 1 ug L' whereas among the refer-
ence group (n=41) only one individual (2.5%) had
a urinary level exceeding 1 ug L. Since the normal
Tl concentration in human hair is around 10 pg
kg™, a considerable part of the Lengerich popula-
tion exhibited markedly increased hair Tl concen-
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trations reaching up to 565 pug kg '. A clear expo-
sure-response relationship was established between
urinary Tl and a predominance of sleep disorders,
tiredness, general bodily weakness, nervousness,
headaches, and other psychic disorders as well as
neurological symptoms such as paraesthesia, mus-
cle and joint pain. A similar exposure-response rela-
tionship was obtained using hair TI as an exposure
indicator (Schoer, 1984).

There is little information on the chemical form
taken by Tl in soils. It is generally believed that Tl
is present as T1" and is transferred to solution in
this form. Since the ionic radius of T1" is similar to
that of K*, the behavior of T1" in nature will also be
similar to that of K. Therefore, plants will easily
absorb TI" in soils, as observed in China and Ger-
many. Hoffman et al. (1982) cultivated agricultural
crops on soils with varying natural TI levels, and
some amended with TINO;. Green cabbage, turnip-
rooted cabbage (kohlrabi) and rape accumulated
significant TI levels, even from soils with low TI
status. They concluded that “a soil TI concentration
of 1 mg kg ! should be recommended as the toler-
able margin.” Kloke et al. (1984) also showed that
Tl, together with Cd, Zn, and Se, tended to have the
highest soil plant transfer coefficients of all the
trace elements of major toxicological importance
such as Be, Cr, Co, Ni, Cu, As, Sn, Hg and Pb.

As shown in Table 4, the geometric mean

(range) of soil Tl in the Hosokura Mine and
Smelter area was 0.58 (0.26 —2.39) mg kg™' DW,
and a field soil and a paddy soil contained 2.05 and
1.55 mg Tl kg™' DW. As stated before, Tl is easily
absorbed by crops without any stress symptoms,
and translocated to the upper part of the crops.
This phenomenon of Tlis nearly the same as that of
Cd. Tl is incorporated mainly via ingestion, and re-
sorption of ingested TI into the gastro-intestinal
tract is nearly complete (Schoer, 1984). In con-
trast, resorption of ingested Cd is only about 5%
(WHO, 1992). The crops in the area will absorb a
considerable amount of TI, and the Tl in the crops
will be incorporated and resorpted by the general
people. Therefore, we assume that the Tl problem

is as severe as the Cd problem for human health in

this area.

According to the Japanese Public Health Associa-
tion (1969), Cd, Pb and Zn in the river water and
sediment samples from four sites polluted by the
Hosokura Mine and Smelter were analyzed in 1968.
The amounts of Cd, Pb and Zn in the Namari River
water were 0.16, 0.23 and 20.25 mg L' at one site
and 0.16, 0.25, and 21.75 mg L' at another site.
Amounts in the Nihazama River water were 0.03,
0.05 and 3.80 mg L, and those in the Hazama River
water were 0.00, 0.00 and 0.355 mg L. The
amounts in these water samples were very high
compared with the data of the other polluted river
water. Since the river sediments were also heavily
contaminated with Tl and other harmful metals

(Table 2), the river water will also be contami-
nated with Tl and these metals. Therefore, aquatic
organisms and benthos in the rivers will absorb and
be affected by Tl and related harmful metals.

Therefore, the effect of the contamination of TI
and related harmful metals on the aquatic organ-
isms, benthos, crops and humans in this area must

be investigated.
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Inter-calibration of two meteorological observation methods
in FM Tama Hills*'

Ken’ichi Sasaxr****, Issei Suzukr™? Minoru Tomizawa*?, Takeshi Ucaikawa **°
Yukiko Doxiva**® and Norio OGura**

Meteorological observations have been performed by conventional methods since 1965 and by automatic

meteorological instruments since April 2000, in Field Museum Tama Hills, Field Science Center, Faculty of

Agriculture, Tokyo University of Agriculture and Technology. We conducted inter-calibration for some me-

teorological instruments employed in these two methods by comparing the two datasets from April 2000 to

December 2001. Observed meteorological elements were the air temperature, the relative humidity, the

amount of precipitation, and the soil temperature. The correction factors for each meteorological element ex-

cept for the relative humidity were made by simple regression curves. We could not develop a correction

factor for the relative humidity due to the greatly scattered data.

Keywords : FM Tama Hills, meteorological observation, inter-calibration

1. INTRODUCTION

Some meteorological elements have been ob-
served continuously since 1965 in Field Museum
Tama Hills, Field Science Center, Faculty of Agri-
culture, Tokyo University of Agriculture and Tech-
(hereafter FM

Tama Hills). These observations were made to

nology (Hachioji, Tokyo, Japan)

compare central Tokyo and the peripheral areas

(FM Tama Hills) with regard to climate change
for the last 35 years using long-term meteorological
data (Uchikawa et al., 2001). In order to detect
global warming and to monitor urban environ-
ments, it is necessary to compare observed data
with a large historical dataset.

An automatic meteorological observation instru-
ment with some meteorological sensors was in-
stalled at FM Tama Hills in April 2000. The auto-
matic meteorological observation system is now op-

erating in parallel with the conventional method.

The main method of meteorological observation in
FM Tama Hills is gradually shifting to automatic
meteorological observation.

Long-term meteorological observation data is
very important for detecting environmental changes.
It is possible to replace the conventional method of
observation with the automatic method if the data
from the automatic method is comparable with the
data collected previously using the conventional
method. In this paper, we performed inter-calibra-
tion between two (or three) observation methods
using multiple datasets observed from April 1, 2000
to December 31, 2001. Automatic soil temperature

observation was started on June 17, 2000.

2. METEOROLOGICAL ELEMENTS
AND OBSERVATIONAL METHODS

The meteorological elements and the traditional
observation methods at FM Tama Hills are shown
in Table 1 (Mozawa and Sugimoto, 1968). Ther-
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Table 1. Meteorological elements and methods in the traditional observation.

Elements

Parallel with

Method Automatic data

Air temperature

Glass thermometer

At 0900 Dry- bulb of psychrometer O
Daily minimum Maximum glass thermometer O
Daily maximum Minimum glass thermometer O

Relative Humidity Psychrometer & aneroid barometer @)

Soil temperature Glass thermometer

surface Direct inserting O

S5cm Direct inserting O

10 cm Direct inserting O

30 cm Direct inserting O

50 cm Hanging in steel pipe X

100 cm Hanging in steel pipe O

Amount of precipitation Rain gauge O
Method 1 Traditional bucket rain gauge
Method 2 Tipping- bucket rain gauge

Evaporation Evaporation gauge X

Table 2. Meteorological elements and methods in the Automatic observation.

Elements

Method

Extracted data for comparison

Air temperature
At 0900

Daily minimum
Daily maximum

Relative Humidity

Soil temperature
surface

Scm

10 cm
30 cm
100 cm

Amount of precipitation

Capacitive hygrometer

Tipping-bucket rain gauge

Platinum-resistance themometer

Average from 0900-0910
minimum from 0000-2400
maximum from 0000-2400

Average from 0900-0910

Platinum-resistance themometer

Average from 0900-0910 & 1500-1510

Average from 0900-0910 & 1500-1510

Average from 0900-0910 & 1500-1510
Average from 0900-0910
Average from 0900-0910

Integrated from 0900 to next 0900

mometers are set in an instrument shelter. Atmos-
pheric pressure is monitored by an aneroid barome-
ter with an analog recorder (TOKYO KOHARI
Joint Venture). The amount of precipitation is ob-
served by two methods (a bucket method (reser-
voir type) and a tipping-bucket rain gauge with an
analog recorder (Type AN-2, ANDO KEIKI, Inc.))
in traditional observations. In the period examined
in this study, the rate of missing data due to no ob-
servation per month, calculated from the number of
observation in the month, is 0 to 40% for air tem-
perature, 10 to 40% for relative humidity, and 10 to
30% for soil temperature. There is no information

on whether these meteorological instruments were

calibrated by the Japan Meteorological Agency.
The observation items and the methods of the
automatic meteorological instrument introduced on
April 2000 are shown in Table 2. This instrument
(made by METIC, Inc.) consists of an air tempera-
ture/humidity sensor (Type HMP 45 A), a tipping-
bucket rain gauge (Type R-5), soil temperature
sensors (Type R-903) and dataloggers (Type FM
-600 and LS-3300 PtV). Though these sensors are
not calibrated by the Japan Meteorological Agency,
they have precisions equivalent to the Japan Mete-
orological Agency calibration standard. The auto-
matic meteorological instrument records maximum,

minimum and mean values of each meteorological
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element every 10 minutes. The temperature/hu-
midity sensor is installed in a naturally ventilated
shelter (Type TH-00, METIC, Inc.). Each day, 144
data observations are collected for each meteoro-
logical element. In order to compare these observa-
tions with the observations obtained by the tradi-
tional method, we extracted the data in the corre-
sponding time or period of the data observed in the
traditional method from the dataset obtained by the
automatic method, and used it for inter-calibration,

as shown in Table 2.
3. INTER-CALIBRATION

3.1 Amount of precipitation

We observed the amount of precipitation by
three methods, i.e. a bucket method (reservoir
type), a 0.5 mm step tipping-bucket rain gauge
with an analog recorder, and an automatic meteoro-
logical instrument (0.5 mm step tipping-bucket rain
gauge with a digital recorder). The rain gauges
were placed within 1.2 m of each other. The daily
amount of precipitation is observed by the reservoir
-type rain gauge at 0900. The daily amount of pre-
cipitation observed by the other two observation
methods was calculated by integrating all the data

from 0900 of the previous morning to 0900 of the ob-
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Fig. 1.

served day. If the total amount of precipitation was
recorded for two days in the traditional method
with no observation in the last morning, the two-
day amount of precipitation was also used in the tip-
ping-bucket rain gauge for the inter-calibration.
The data from the conventional methods was plot-
ted with the data from the automatic observation

(Fig. 1). Figure 1 (@) is a plot for the tipping-
bucket rain gauge with an analog recorder. The
conventional data is significantly lower than the
data from automatic observation. In particular, for
precipitation exceeding 50 mm/day, the difference
seems to become large. Assuming that the relation-
ship is linear, we calculated the gradient of the re-
gression curve to be 0.89. Because both instruments
employ tipping-buckets, this difference may be due
to a recording error, not a rain-gauge error. The
data obtained by the tipping-bucket rain gauge
with an analog recorder usually has an error of
10%.

Figure 1 (b) is a plot of data from a reservoir-type
bucket method. The relationship is linear, and the
gradient is 0.987 £0.014. The data from the bucket
method can be directly compared with that from
the automatic observation without any correction

within a 95% confidence limit.

Fig. 1(b)
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Calibration curves for amount of precipitation observed by (a) tipping-bucket rain gauge with analog record-

ing and (b) conventional reservoir-type rain gauge with respect to an automatic instrument (tipping-bucket

rain gauge with digital recording).
dence limit.

Solid line is a simple regression curve. Broken lines show 95% confi-
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3.2 Air Temperature
The daily minimum (Tw.) and maximum tem-

peratures (Tw.) and temperature at 0900 (T,)
have been observed at 0900 by the conventional
method (a glass thermometer). The data from the
glass thermometer is plotted with the correspond-
ing data (average value from 0900 to 0910) ex-
tracted from the dataset obtained by automatic ob-
servation (Fig. 2). The dispersion of the plot for T,

(Fig. 2 (¢)) is smaller than that for others (Figs. 2
(a) and 2 (b)), which is possibly due to the definition
of Twin and T from the conventional method. The
observed Tuin and Tua from the conventional method
are defined to be the daily minimum temperature of
the observed day and the daily maximum tempera-
ture of the previous day. This definition may rarely
be unsuitable. The relative difference in the gradi-
ent of the regression line from 1 is less than 1% in
each plot. However, the intercepts are significantly
above or below zero. The intercepts are +0.12C
for Tum, —0.68°C for T, and —0.64C for T..

3.3 Relative Humidity

The relative humidity at 0900 calculated from the
psychrometer data and the atmospheric pressure

(aneroid barometer) is plotted with the corre-
sponding data from the automatic observation (ca-
pacitive hygrometer), (Fig. 3). The plot is greatly
scattered and exhibited a very weak (r*=0.72) cor-
relation between the two methods. One of the
causes is the difference in the time of conventional
observation. The difference in observation time pro-
duces a large error because relative humidity un-
dergoes a significant temporal change at around
0900. The relative humidity data from the conven-
tional method is generally higher than that from the
automatic observation. The gradient of a simple re-
gression curve is clearly smaller than 1 (0.67). The

intercept is as large as 33%. This large disagree-

Fig. 2. Calibration curves for (a) daily minimum and
(b) daily maximum air temperature and (c)
temperature at 0900 observed by glass ther-
mometers with respect to an automatic instru-
ment (platinum-resistance thermometer) .
Solid line is a simple regression curve. Broken
lines show 95% confidence limit.

J. Field Science 2

Fig. 2(a)

Minimum air temperature, °C

(Glass thermometer)

30

25

20

15

10

Fig. 2 (b)

Maximum air temperature, °C

(Glass thermometer)

40

[9%)
(V)
T

3%
W

8

Fig.2(c)

Air temperature at 9:00 (Glass thermometer), °C

15 |-

10

Daily minimum temperature

(1.009 £ 0.016)X + (012 023) |

= 0972, n = 463 ,
i TS ST ETENTI SR R

-10 -5 0 5 10 15 20 25 30

(9%
[=]
T

Ju—y
W
-

—
=]
T

0 5 100 15 20 25 30 35 40

Minimum air temperature, °C
(Platinum- resistance thermometer)

Daily maximum temperature

Ay : : : : ]
sd 22X =(0.997 £ 0.015)-X - (0.68 £ 0.36) 1

‘=0.972,n=463
| PP AR R

Low vl vy Ly sy

Maximum air temperature, °C
(Platinum- resistance thermometer)

Air temperature at 0900

30 |
25 |

20 -

Y = (0.992 £ 0.009)X - (0.640.17)

L £=0990,n=514
PRI RN RTRTETATES ST ST A BT

-5 0 5 10 15 20 25 30 35

Air temperature at 9:00 (Platinum- resistance themometer), °C



Inter-calibration of meteorological observation methods (SASAKI eral.) 27

100
80
60

Humidity (Psychrometer), %

20 b ; | .

to maintain the data quality. Furthermore, if an old
cloth is used to wrap the wet-bulb, the temperature
of the wet-bulb rises, and the calculated humidity is
then higher than the actual value.

3.4 Soil Temperature

In the conventional method using a glass ther-
mometer, the soil temperature is observed at 0900
and 1500. The temperatures in deeper layers (30
and 100 cm depth) are observed only at 0900 be-

7 3 ¥ 233,04 0665X | cause there is little daily variation. We compared

L, 7 : R*=072,n=495 | the observed data from the conventional method
0 PR S Y WSS S S EN S ST H S S S Y . .

0 20 40 60 30 100 with corresponding average data from 0900 to 0910

Relative humidity (Capacitive hygrometer), %

Fig. 3. Plot of relative humidity observed by psy-
chrometer and by automatic instrument (ca-
pacitive hygrometer). Solid line is a simple re-
gression curve. Broken line shows equivalent.

ment can’ t be explained by the difference in the ob-
servation time alone. Because it has been proven
that the dry-bulb thermometer functions properly
as described in previous section, the discrepancy
could be attributed to a problem in other datasets, i.
e. the wet-bulb thermometer, the aneroid barome-
ter or the capacitive hygrometer. One possibility is
that the cloth wrapping the wet-bulb thermometer

might not have been exchanged frequently enough

and/or 1500 to 1510 extracted from the automatic
observation data. The soil temperature was meas-
ured at depths of 0, 5, 10, 30 and 100 cm. The data
from the conventional method is plotted with that
from the automatic observation system (Fig.4).In
the upper layers (0 to 30 cm depth), the results
from the two methods agree well. The dispersion
becomes smaller with increasing depth because the
response to the air temperature becomes small
with deepening. The gradients of simple regression
curves are approximately 1 (from 0.99 to 1.05). The
intercepts significantly differ from zero (0.24 to
0.76). The conventional data must be corrected, as
shown in Table 3.

The plot for the data from 100 cm depth forms

Table 3. Correction factors for conventional meteorological observation in FM Tama Hills.

2

Element Intercept (a*) Slope (b*) T
Air temperature
At 0900 0.64 = 0.17 0.992 + 0.009 0.990
Daily minimum 0.12 + 0.23 1.009 + 0.016 0.972
Daily maximum 0.68 + 0.36 0.997 = 0.015 0.972
Relative Humidity —_— _— —
Soil temperature
surface 043 % 0.11 0.948 = 0.005 0.992
Scm 043 = 0.09 1.005 * 0.005 0.995
10cm 044 = 0.06 0.976 + 0.003 0.998
30 cm 0.84 = 0.05 0.992 + 0.003 0.999
50 cm —_—
100 cm 0.04 = 0.08 1.006 = 0.005 0.997
Amount of precipitation
Tipping bucket 0.23 + 0.59 0.891 = 0.017 0.981
Traditional bucket 0.44 + 046 0.987 + 0.014 0.990

* (Conventional Observation) = a + b

* (Automatic Observation)
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Fig. 4 (a)
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Soil temperature at 30 cm depth
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Fig. 4. Calibration curves for soil temperatures. (a8)sur-
face, (b) 5cm, (C) 10 cm, (d) 30 cm and (€) 100 cm
depths. Solid line is a simple regression curve.
Broken lines show 95% confidence limit.
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ring (Fig. 4 (€)). It was plotted using different sym-
bols for the warming period (from March to Sep-
tember) and cooling period (from October to next
February). The data in the warming period is plot-
ted above the cooling period data. This difference
could originate from the difference in the transmis-
sion rate of surface warming or cooling probably
due to some difference in the installation depths be-
tween the glass thermometer and the temperature
sensor of the automatic meteorological instrument,
and/ or from the difference in the heat transfer co-
efficients of soil between the installation sites. The
temperature difference in the two periods is the
largest (ca.1C) around 15T in soil temperature.
The dispersion of the data is very small. If these
depths are adjusted, the plot may become a simple
linear relationship. The gradient and intercept of a
simple regression curve are calculated to be 1.006

and 0.04, respectively.
4., CONCLUSION

We can compare the data from conventional ob-
servations with that from automatic observation for
each meteorological element except for the relative

humidity by correcting the conventional observa-

tions. The correction factors are listed in Table 3.
The errors of the coefficients represent the 95%
confidence limit. In order to compare these observa-
tions with worldwide data, the meteorological in-
struments must be calibrated by the Japan Mete-

orological Agency.
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Benthic aquatic insects observed in University Forests of TUAT in 2002*'

Takahiro Isam*? Shigeru Kuwasara **, Makoto KuwaBara*?, Takeji Ucma ** and Mitsugu Kumakura *°

Benthic aquatic insects in University Forest of TUAT were investigated in 2002. A table including all ben-

thic aquatic insect species and collected numbers was made, and 61 types of benthic aquatic insects (43 spe-

cies, 15 genus and 3 families) were recorded.

Keywords : aquatic insect, species, collected numbers
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Growth of hoofs of dairy cows in free-stall cowshed ™'

Yoko Yanaoka ™, Masahiro ITo** and Shuhei Kanpa**

In 1994, we changed our university farm management system from a stanchion stall barn to a free-stall
and milking cowshed. We often observed abnormal hoof shapes and lameness in our milking cows, and this
has recently become a serious management problem. The objective of this study was to examine the growth
and wear of hooves of milking cows by measuring the major parts of hooves and the number of steps taken
by each cow. From this data, we hope to improve the care of hooves.

We concluded the experiment for four milking cows from 30 June 1999 to 16 April 2000 at the cowshed of
TUAT. In general, a cow’s rear hooves grow more rapidly than front ones, but the results of our experi-
ments revealed just the opposite, except for one cow. One calving cow’ s rear hooves were small. Because of
this, she slipped more frequently than the other cows when walking in the cowshed. We did not observe the
relation between the number of steps and the lengths of hooves. The length of each cow’s hooves increased
over the long term, but daily measurements varied. Accordingly, daily observation and proper care of
hooves are necessary to keep hooves healthy.

Keywords : Free-stall cowshed, growth and wear of hooves, milking cow.
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Table 1. Date from cows

Milking cow No. 1 2 3 4
Age (Years) 6 4 3 2
Calving No. 4 3 1 1

Body weight (kg) 1 st 710 648 618 586
at each measurement 3 rd 625 588 585 500
6 th 682 646 668 626
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ZFNOHNE ENEFIZOWT, Fig 1 ISR L7za (B
ZHOEZ), b WKHOEZ), ¢ BWHKTOEK
2) O3 FMEWEL 72,

Fig. 1. Hoof measurements points
a: Toe to coronet length
b : Bearing surface length
¢ : Bulb length
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Table 2. Measurements date

Milking cow No.
Measurement
1 2 3 4
1 st 1999.11. 30.,12. 1. 1999.12. 14. 1999.12.7. 1999.12.13.
2 nd 2000. 1. 14. 2000. 1. 12. 2000. 1. 12. 2000. 1. 12.
3 rd 2. 7. 2. 7. 2. 7. 2. 7.
4 th 3.14. 3.14. 3.14. 3.14.
5 th 4.11. 4.11. 4.11. 4.11.
6 th 5. 16. 5. 16. 5. 16. 5. 16.
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Fig. 2. Length from toe to comet (&)

Fig. 3. Length of bearing surface (b)
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Greenhouse Gas Emissions from Livestock Sector and Measures
for their Mitigation in China™'

Hisao ITaBasur**

This paper discusses recent changes in methane and nitrous oxide emissions from the livestock sector in
China and measures for mitigating these emissions. Methane from enteric fermentation, mainly from the ru-
mens of draft cattle and buffalo, accounts for 7.2% of the worldwide livestock methane emissions, and 20% of
China's total methane emissions. Although the methane emissions from this sector are relatively low com-
pared with the emissions from rice paddy fields in 1994, it increased recently and became the largest source
of methane emissions in agriculture. Ammonia treatment of roughage as well as the increase in efficiency of
nutrient utilization are effective measures for mitigating methane emissions from enteric fermentation.
Methane from livestock manure also increased recently, with swine being the largest contributors and
slurry-manure management systems having the largest share. Pasture and dry-lot systems were the major
contributors to nitrous oxide emissions from livestock manure. However, estimates of greenhouse gases still
vary widely, so it is important to develop a simple, cheap and accurate method for measurements from live-
stock and to collect much accurate data.

Keywords : greenhouse gas, methane, nitrous oxide, enteric fermentation, rumen, ammonia treatment

HEOHBENPSD A F v EHBILEZEOE B X OZOMIBHICOW TG L7z, A ) k4
DV—RA Y BRYZ HDLGNBENPSD XY VIFHADORENSDRAY Y DT7.2%THY, HEDORX Y »
BED20%IZHMT 5, 19944ETIE, BNRENSOD A F Y IZKEDPSD X T V2K 5 7205, FDHk
BMLBTBATIIREDLOD XY YORKOFBERIZE 5720 TOXY YBEOHIEOF L LT, Hfi
Bo7 v 7 UHRREZFAHNFON EANFEIN TV D, REDSARDPSLD XY b Lk
JTBY, BOSARPLDRLE L, FRMHETEASY =200 RbE V. —F, BRLEZORH
TREHMBLIOFIA 0y MFRAPELRBERTH S, LrL, THEOMERES A DR EOHEE X
EEHHPRKEVDOT, i TRMICPDIEMICHEETE D2 HEPLETHY, ZhiCko THIEDKEZ mD
L ENEETHD,

X—T—F RBWMRTA, 2¥, WBRCER, BNEE, V-2, TrEZ TR

e EOWMERN AT A OWRES 2L EETEAL,
IR L2 B D TWA I EARTEH SR TWS, I
AR, KA o AL i % (CO), 2 % » 4, IPCC (RMBEEBICH T 2 BF/ /SR V) 11,
(CHy) , Witz (N,O) BX 71 (CFCs) [ IR LIZ RO Tl 2 L 28w THA TY

1. EUC®IC

*I' Received Sept. 3, 2002 ; Accepted Sept. 27, 2002
2 OHR B LR EEIMIEFS % —, FM#fith  T183-8509 % Hi#fiF i Hi=£MJ3-5-8 : Field Sience Center, Fac-
ulty of Agriculture, Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183-8509, Japan



44 T4 —=NVFEHFAL VA 257

5] L35I RMEEL T LD, 19964EDH 2
FMEETIZ21004£ F TIZ 1 ~3.5CORE LR &
HIAATWZA, 415~ 6 CIZHBIEE T
Wb,

INSDOREBERNBEFT ZADRIT, WBLICHK LS
HLTW5DIZCO,TH A7, Moty rm A%z
BEALERT Yy VK EVE E L IZEREEEN
DT, 411F COULHT BT EDREE JITT T
EARFEI N TV 5,

CH.& N.O OFAITIE S T S F 2 B3ENE) b 7
DEb-TVD, &) blF, HBEEIRHBRED I —
A BIUOREIREED S0 x5 V5, Y B
X OFRHER s 5 & O W ERILE R O FE A A3 HER O I
BALIC AR D FE5 L Twb I RS h, o)
W KPR OZENIEE - B HEIC X VBRI S
TWwa,

HAETIE, tHEEAN [FERMHS] 25 3
EED S RKEEERORCE 2T, EEILOM
SRR A DFEA D 5 R 72 R & BBl 5 12 E
MEBWTHATED) L MET21T-o T& 72, FEHIES
DHEEIhDb DL EEBHIT, FHRIVEELY 3 54
(27 ) IRVERHAIIFRE I X ) E & OB )
WEgE T —X > b o5 > P & #iE o HAL R
W] #fToT& 7z MEIZALIOARL S FREDIH
BTHRKETHY, REPLOLDORXY Vi EORER)
R ABHNIHR O ERED S OK10% L HEE S
TWbDT, ZTTOLSHDOEANIKE 0B % K
T2 &% b, UFTIE, RENZBIT HRmER)HE
HADFAEDOHIRE SHOFREL, BLOHILED
HIRIZOW TS %,

2. PEIOBEOBIR

HE O R TR 1960 km* T H A D255 TH 1),
F0H b, Hri312% 0 1451 T )5 ha, F L
16%, W46 - 853 - 5 543%, 5 #120%, Z O b
Y%L %> Twb, TOIRKEELIE, HARW - &
BRI L > TERIX L BEXICTHENRTED
(K1), BEAEFHEIEDLEEWEEOEAIX
HERIXTIZT0% DL E, REXTIZS0%55TH 5, M
XK CREEHF LIRS 2 L, BEXKILEROI L
KC96%, 1 CTT17%, X ¥ T68%, * V¥ T2%%%
8, FEREEFTIINIODER>TWD, Ih
&, ESEXIT LB - W % S O T AR
FEVEASE <, VEAREG AR O EBEMICE L, $8ED
RIEMR BB L REIHGTEL20TH %,

JtEpeEx
F9-E
T % K[

&

B1. HENCBI 2 EEX EHEHX & OBR
(=W, 1996)

HEOHEIZ1980FEEH L ) L2 IHER L, 7Ek
D RF T OMEREE H O BEN 288 DR 4 2R
FoTWwd, FRRHEIHERE L, KE, &
BEN3E, 2 V¥%E YX, Y7, 97%), K
HEE KERB) BLOBEELINTHL, Thbd
DOHRT, AWNE L TOHEPRDZVDIZKTDH
D, 19854FE TIZEWREEERDL6% % 5O TV 7273,
R TIZEER L WD 2 2012 H D, 19964F T
X ENZENI8.2%, 12.4%L > THEDYH, KRIZ
69. 1%KL F LT3, TN T KA ER TR
DRI30% % EDH TV 5,

kb, HROREEHIZE D L EOEKE S
&, K 49.3%, 5 7.4%, KO 14.6%, 1l
5 21.5%, A V¥ 11.8%, ¥ 516.2%, T3
36.6%TH Y, HEIZHEETOKRETHSL Z LHD
5o

TR A AFEANARD B KB E & KO 2 IR
WIELLT oMY TH 5,

(%% %]

B PETBRNICE L) A EEF 2R

To L TEL b TWSAS, B2, W, 1

W, BHEETEL, ZOMHELL BRL S F

ET, RUARFIEOAHERE SR ELRE S

T 5, ALERFHE A X R BB o LHE H i Tld /T

FERRET) DR S DL RS, HEJLREX TIER

RRMOEF- Db TV 5,

fRHT - MICIZE R, WV 7, X79%E0

HARER T, ZhchRO AR ERIE RS

ENb, BHHHRIIMKL, 3 1 HOTFr A%

ENAHBETH L, BIHEALE LTI TY

505, BHELTOfELLE> TV, AT



N BT BB RED O OISR RA A (WhF) 45

1, 18~247 HisOF 4% 1 4E M 21 THRE400
~500 kg THE LIP3 IEFE»fTbhoDodh %,
FAOHBELMOTED, SVAY A UL #H
DRI X BAFDEHTIHFHEL TV 5,
KEF:HELEAL Y FUFOBERMAGTSHEA S
72T, RIL, ¥k, BRILIEZR & offE
WTEHLBBEEINTVS, WEPRIER 20, F
ELTHHTH A28, —HTIEFLBFHEI LT
bo —MEIZHEAT300~350kg IZEL, KEW{
D TIF600~650 kg 12 H L, #2045 b %M
T2 TE D, L, KRIZBERGE
WIS, AFITIIPRE L THREZE B LT
V5o

Y7 FXy MEE, FETA ZSIVHEBR R ED
FEHBBETE L AbNRLTWS, Eilo#EE+
HWTHHELRET, EIIIR TR VWEY T
HbHo LT VZY 7 OMECEO M %250 L <k
WLz, LED RS, ARz
%L at, ELVOMIZENAST L VR Y v —
V—HOMEZRLZLDLEENODOH D,
ADEEYX XA VETERXOTELRRE L L
THEIA ZIVHBX CHEPNICHESH, &
M, BEM, 3LH, RERICR»EZVDL DI
o T\Why A VEDMEIZI00HENIZ D KT,
REWM 2D DITIE, Fab¥E - %835E, 0¥, Ny
7%, W, #¥, FXY NERDHD, Y FIIA
VALY BB VS, EE U CHEINICE
EINTWD, BROMAIEL LEEX Tllbhb
TENEL, WL LTI, FHEHYE, Ny
Y¥, TUAI7YF (£F), #¥3I¥VF (B
M) %Ed 5,

(K]

HE T O KO F BT R KD #50% % |5
D5HITEL W, RN, W77, NHT R, A
Y, MrERIVKRE, FE, X2 LEERGHL
7SR DS BAR T, Z AU KRR £ B F
MR MRS 8BS L Twh,

KO AZRI150T, KBI$ 2 &R, #HEh
R, SEpAL SERNCETE 5, HIANINE
I, B A 7 IVEBK, RALE D S
TR ToA L, BRIZBARPEL L, BFE
IRRER T — F ¥ A4 Th% v, EREIIEHSE,
INTEERX, WA R EWHA L, 14E2ELT
HFRHP/EE R THHLN TV D, Fdh AT i
O L MMOZBIIHA L, HHTRIEME LT

JEHATEL, BfdAROK»E V. (RENL
D DIZOAET D A% RILERE O ILK LWL A
DMK ED3d B0 BEMIZBEBEOF Ny MK
TRWEIZHEDLNTEY, LWHKRO P TAN
THEMEHIZOT TS,

BAE, WETIIEROLRIE, ZodOIcfEk
FixB&oo, NEMEZEMFAHT 2 Hit%
LoTwb, ZO—2E LT, MEEIZLY, f
BRIRORWI — M7 £ TORREEDIED S
TWwh,

3. FEICEITZBED, S DEENRH ADREE

HENZBI 2 EED2 S OREMEST A (GHG)
DFEAEITDOWTI, BICHEEFERERE (CAAS)
RSB EN (bx) THI%EL Tw %, CAAS
1X19574R 12 RR AL S 7z EIRAFZEAHME T, %910, 000 A
DR L38O A H D, 17TDOEITHA LT
bo ZDH L, LEICIZITOMEH DD 5. BEXR
SUFZET Tl 312 Dr. H. Dong & Dr.Li Yue 22 @
MY MATBY, 51X IPCCIZ L2 KED
GHG A X bV (HEH - WILH §%) 1ERSGE) O
EM ST, 4 GHG RERED L Y BED
S WHEE &R R R OFER O 2 - T b,

31 I=AHhoDA I HREBOHT

HHEC19944E 12 BT B * 7 V38X K H39%,
RI27%, BB W20%, WREHRBEO %, BEZEW
3%, IR 2% T, IPCC D19964ELFT A KT 4
X BWALERRE (13 ALRBEY DL — 2
V) WCHRT B EIE, FERT7.09Tg & ko> Twh,
CHNIZMRORENSLD AT VIR DT.2%E 72 5
B, BIRDPSOHRMNEED D EHEORFN LD X
7 VIR ORE D 5 DOR10% & BfED 5T
Wb,

L L, BEYWOHBIHEMLTBY, FEEK
LWIMEN DT, REPLDOAY VT E b %
CAKHEPS DR E EE D I ENMHEFEE LT
Bo ZHUTHRIZ, BWIKAEL LWTHEETE S
ERAVEDMHUNRRKENTZDTH S, T, 2000
AEIZI13.7 Tg 2L, KHAHD12.9 Tg % 1 b
D, SHRMEOHEZIIRELL L2 LTFHIATVS
(X2)

HENC BT 5 B R E OIS, FERS I
B, HHHX, JREXG25DOE D 4 A5 S
N5,

HREZHME  Ey A 7 VAERBX, NEY T
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232 (Gg)

K2, hEOEENPSDXZ VB OTFH

WV, IRy b, B, HiRh, SEARET, ®
HRe X 7 7 L OFA DA O A D3 [E 4k D 18% fil b
NTWh, 1FEALIIHIRZBEEETH %,

PR BHRER S LR, A, LA, 1
B, IWEE R ET, Z2L ORRIFHEORE % fi
VW, fARORPIINET T E MY ER I VERETDH
%o Ml oAl LThiibh, RERIIAREMER:
KIEFETH 5,

A H LOEEEOREME | £ ORRHIEH
FTOOK x> TEY, HRHIFY 70FEKTH
%o Wi, M TIZAEED 2O OB K E K
PREVPELMOPERLTBY, 2T, HfTE
Wz, WBRRESEIHES- S Twb,

RALE & L AEMER M - Jbnt, B, il
7 T, OHTHN A A L 72 SRS Y F T
%o FFOE R X FREN 2 I3 ERE O )X
LIZIEFERRTH B0

Y AT AOB L L RO FI2E- T, B
T MR E TR S Cwb, WA E
TORFEHERX & ) h g E g ISR ) 2o
D, TCTIENEEDD %% HDAHICED, Lk
DORBBET7 4 — Py FHIEFE > TV b, FRAEE
LERX TIEIBEED20%TH 5 A%, gz
45%% 5D %,

IS DOMIRIZ BT 2 AR FHE OFFEIRIITE 1
DB THY, T, XY COFERRIIE2DL
AT Dbo

L2L, INHOHEIZIED ) ORIEFES D
%o HHE 7 2 AR O F SR FEHG G- H T &
OB, e N R E R SR R H
PODEIHTH 5. 72, HRE DT 7 IR
&, RERN, EOUE, BXOWANE LR oK
FAEMEREUIM R 2 EoBEZ I L Tw

Bo 720%, IWRZGHETIIRE OFEEB EHAZ IE
o0t 2 EWEETH 5o BHES, B,
FB, BHILHOT7 4 — Koy MEoBEBIZOW
TP RN e v K 2 Hls % BB S 4T
BT a6, HMEEELTIY Y M52
5o

72, PETIERRIIMAOHFEHGS- 217> T
DT, A¥ YREAERHEDD LIZRZRAREOHE
BIEIPHRYVRETH L, HHTIE, ZL0%E, B
HRIZEREZ T TWBEDT, LFTTIZAKER
DR EFEE T HEH, Frmo A4 7 VHEBK, 5
Ry MebETLlABNS,

HETIE X & Y 54ERIZ IPCC ORTHEED R4
BHEFHHEIC Lo Tl SN TE 7, K213 IPCC
DA FTA > (19964F) 12X 2 x5 PN EH
CEBDORA Y VIET— 21D HEEMEE R LT
bOTH5, IPCCREFSEF LTI ) RE
MOPELARE (1B 14EM) DX 5 VHElE, k)
EZRLTWVWED, TRIZEPZ2 VDX XD
bo 7T2& ZIE, LA, #A (RWA), BXUK
a2 EatAIB L TIE, 20004E0 IPCC 7y K75
ITARTAY A (RFFHIESH) 2Hwx ¥y
YHEMARELDHEE D55, 19964E L ET IPCC # A K
TA D2 (Tier 2) 22846 &
DHRRREV, LAL, AVELINFEIIHLT
X, BIFTERS 23R B o HEEHE IPCC
HARNITA V2B HEE VWG E LD /S
Vo e X VINFETHREDE R D DI, 20004
IPCC BAFF-H488 CIIARE OMER & B RICLE %
BT ANF—OFEBNRICENENOLRE THBIEIM
2N TH b,

IPCC 1Zim &) 7 AP & HE 2 THEOIRM %
KW 2 EH D7 — 7 B0, ZofHe L
TF7 4NV MEZH WD Z E2HERLTW5DY, X
D IEREZREEDT2DICIISRBRIIZORHEEZHDSH S
ENEREN D, F2I1FHAERT — 7 12EO HEE
EHREINTVE2S, PETOREET— s 20HF D
WAz, PEHRE L HE R OZBIELK
XN EPRDbhrb,

# 2 OFRFMPPEIL RO ERHERIC LI E, x5
VHERICIR D KRERBE L RITL T2 0k E4
(W) THY, &R050%U EEEDTW5S,
CHIZRNTE VDK FEDR4%, X Y FEDHK
12%ThHH, FETIZINLDHEGIFET LoD
Hbo Wi, AELSOPBEEEIN%TH S
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F1. HZHWIBIIBI 5 KBRS OHZEIRN (19944F)

o % BEE (J78H) (%) B A
H 4 BOROE BIX 1570. 02 17 g W
(W) o o X 3194. 49 35 &, BRI g
w4 X 888.81 10 v, HE0 W
[t B 995. 31 11 EV, BN HEERAT
moomM 1677. 47 18 A HHER
a D Al 904. 47 10
7L g TR H KX 183.52 48 &5 W
heoge o X 76.01 20 A B
®ooodk K 85.57 22 EH1M W
s D At 39. 24 10
K 4 k3] s 1172.68 51 Hfv, £ HEERT
Moom KX 766. 61 33 E HHERAT
AVE-XF HOEOE KX 10651. 37 44 &S
Rooge i X 8822. 23 37 il
2. PEICBILHBRENOD A5 Vi (19944F)
IPCC HEIRAEIC X % Tl KB — 712D TE
PELAREL BHEL A% PR P AR %L BHEL A5 HEhE
(EF) (EF)
(kg/98/47) (10" (Tg) (kg/BH/4F) (10" (Tg)
o R 51.32 3866 1.984 4.89— 0.452—
(4 T4 28.50 2011 0.478 31.79 9239. 57 2.937
Zof* 63.13 3354 1.782
Ko EF 67.48 900 0. 607 46.0 2291. 32 1. 054
T 38.35 311 0.099
Z DAt 56. 54 1080 0.611
L4 B 70. 40 188 0.132 19.56 - 384.3 0.075-
T 38.35 89 0.028 36. 68 0.141
Zofh* 56. 54 107 0.06
A v OE I 7.06 12066 0.851 0.98—  24052.8 0.234—
Y ¥ Zofu 3.55 11987 0.426 3.91 0. 940
S5 ¥ 58 36 0.021 58 35.63 0.021
& Gt 31336 7.08 1.836 -
5.093
EREB X 0120 AL E o i
**127 H A

A, TOIFEDRIC 2 5 ICML w5, 2B, K
MO OHEMEIFIRIFIZREL TS %TH L, KIZ
V=X VIE RO TR Y VIR RN EEE
WZX 5%, ZOHERREIZE DD TEWIZH 2 0b
57, FFEBDS WD AREOE G
LoTWhb,

FRDEHIZ, TAEDOFHEICIEA %D OARIE
HS2H 205, PERBEBIEL THELZEDS 2
ERENMEOREII R > T Wb, & 21E, Ut
OWFLEITITAE TI1Z4000~5000 kg/4ED £ 5 1210 1
LTWBDT, 2% YHEEARE D BUE D56 kg/BH

D, 60~70 kg/B/AEITABIE SN & & O LD
H%o

3.2 REBHMLSDA 2 REEDHTE

HENZ BT 2 KEIRED 5 O X & 23L&
DRE 5 ARIE Y 2 7 2 (Animal Manure Man-
agement Systems, AMMS) 75 DA & L CH
SNTVD, EEOPRILHIREL § L IR L
7= X % V3 (Tier 2) 119904 T 13617.5 Gg,
19964E TI3788.1Gg TH V), Z DMI228% D H N
BHRONIZe 2D BLO%IIIKTH D, 9%H5H
A 4 %K, 3L, 9HRETH -
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720 TAERNCBT MO ) H58%IFKIC L 5 L D
THY, BFHBT26%HML, X% IET22%5M
L7zoAKREW (E3),

REIZTAMMS 25D X ¥ ¥ D 9 H19904E T ik
6 %% 50, 19964E121F 9 %I ), Z o=
86% T o7z [MIERIZ, W06 DFEEIE32%, FL
A H1364% ML TV B A, TS IZKOFIFEH
BOMEL) FERREOHBOMOED S AK &
Mol THb, YENLD AT VIAEROBN
9% b{FEH N5,

PR OPE S 27 LH DX 7 V5T, AT
U — GEIRBEE L) 1343%, Fo4 vy b (FEH
JEAL) 1326%, WA HZ £1320% & RAED ST
W5,

HIHICA D &, AMMS 25D X ¥ V3K
L VDRERAE THESERDI12.2%% 5D 573,
I, KTORATY) —EOEEH26% L <,
MR A 21. 8°C & & < IR fil 2B EGE A5 4
KD5. 7% EENZ L2 X B RIZWINETRAY >~
FHEIERDI. 7% T, KOMABEFEE G H18% L
WRARTHLHZ L, PFHREAH16.0CLHNT L2k
o WHANINIIKRE, 27 VEETEKD
9.5%% % 5h, TNIFAT) —IUBOEEH16%
EEL, PRI 2CHE X UKo fil #IEHEE &
1. 7%E EH W12 ThbDo

AMMS 225D X ¥ V5 EmOHERE TIX, L — X
DO DOFEDOYE E RIS, NIEESARENT
ENMETH D, IPCCOF 7+ )V Ml (Tier 1)
WL E, 2y U4 RITPREM P RE 128D
{ Tier 2 DHEEMHD 2 FEICd % b ARSI 1
TWb, TDw, REM - T L D, SARML
Y AT AOMARRICHET 255/ 77— & OIL
e, REMZLOBFIRMICHT 25272 0
Wk, REM - WBLY 27 LT LD R 7 U HERE

WEEBROFENM, FEMHT L OFRARLHLFRICD
WCOFM R T — & OPUEAERNCAT ) RN EHE
EoTWn5h,

3. 3 FEHEY D, S OHEEEEROREEDHTE
A% v ATHE GHG & L CEELH#BLE
F O AMMS 20 5 O3gER X, IPCCOF 7 4+ Vv b
fii & BEHAREZ v % & (Tier 1), 19904E 13190
Gg, 1996413254 Gg & 7% %, Z i, Tier 2 H3k
TH®EL7Z-ZhZhofl, 183.8 Tg, 246.3Tg &
K& 720 19904E2 519964E F TORIC, 3§
ERII3A%EIM L 7255, Zhidd:, RE, ROk
BINCX 230 THb, A7 v5AELEST, HEE
EEROYEITIE35% A DA o (4 oBF
MWIICHET2DDTH Y, 24%0 K, 14%0BK
8, 8%, T%HYF, 5%NAVET, A
o ORETDbT N THo7z (F4).
AT RILEROREREE AL L, 50%
IHAETH ), 48% 03K T4 ay + S EIEW )
5T, A7V —LENPLIEDLTILTH-7,
HIRIIE, A, WA, IR & TR
BALL, IO TeRD9%IZh 5, i, A
FUNDOF- OB L V20T, ZhHDED
SRR HE A T eRkoznEN, 13.1%, 12.6%,
1.7%& 7> T\wh,

3. 4 FEHMPIED S DBEEMRH ZADHBRES
AMMS 7> 55843 i B R R A COAM L H &
(GgCO,—C) % * % v LR bz F o MERREL
A7 vy x ) (GWP) IZHEDXHMT % £19904F
T1327,960, 19964-Tld37,238, %%, 2DIH b,
19964E T, 32%3%xW4- (E4) ORI X %
DT, 13%DRKE, 29%0HK, 7 %hKFE, 11%
WA VINFEL RS TED, 1990412~ S & 33%H
MU0 WD T4 0y bR E RSB
AMMS 7°5 @ GHG BRI b KE S EEL T

£3. PEIZBIT 2REHMDH» S D 2 & V54 (GgCHY)

4 WA A KPS RVELE & 5 N 05 RKH A G
1990 51.4 16.4  26.8  10.6 9.5  442.7  12.0  10.2 0.6 37.4  617.5
1991 52.1  17.8 27.1  10.4 9.3  451.3 1.9  10.2 0.6 40.7  631.4
1992 53.8  18.1  27.4  10.2 9.5  470.8  11.8  10.1 0.5 51.3  663.5
1993 56.2  21.1 27.7 10.7 10.4 4782 11.8  10.0 0.5 50.9  677.5
1994 59.4  23.1 28.2 10.9 12.2 497.2 11.9  10.1 0.5 55.9  709.5
1995 63.4 25.8 29.0 11.7 14.9  52.8  12.0 9.9 0.4 61.4  753.2
1996 67.9 27.0 30.0 12.3 16.9 5422 12.1 9.8 0.5 69.5  788.1
19964F DAt & (%) 9 3 4 2 2 69 2 1 0 9

19904F 1845 ek (%) 32 64 12 16 79 22 1 -4 -23 86 28
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4. PENZBT 2 KEIEY 2> 5 OHFRALE R D5 (GgN.O-N)

s L i . S s S 5 JZ3 & N I8 K& & F
1990 63.6 0.5 16.7 11.3 9.4  45.8 7.0 11.5 0.3 17.5 183.8
1991 64.5 0.5 16.9 11.1 9.5  46.7 7.0 11.6 0.3 19.2 187.3
1992 66.9 0.5 17.1 10.9 9.7  48.5 6.9 11.4 0.3 23.1 195.3
1993 70.2 0.6 17.4 11.1 10.6  49.7 6.9 11.3 0.3 23.1 201.2
1994 47.9 0.7 17.6 11.7  12.2  52.5 6.9 11.4 0.2 26.9 215.0
1995 80.4 0.7 18.2 12.7 14.8 56.0 7.0 11.1 0.2 29.5 230.7
1996 86.2 0.8 18.8 13.2 16.9  58.0 7.0 11.1 0.2 33.9 246.3
19964F D Hixf 14 (%) 35 0 8 5 7 24 3 5 0 14
19904F 12 2 Bk (%) 35 66 13 18 76 27 0 -3 —23 -4 34

bo BB, AY VIZHNRHEFRILEF D GWP O FH
B2 GHGREICE® 2 HBILE R0 41
8%r ), A% DEEIVH N,

LA2L, ZTh50 AMMS 55 QBRI RS XD
FAEROEEMED NV — A ¥ 25 D5 ERmOHEE L TF
FIZh R ) ORISR DD, ZOKERENIZ,
HEM DI KD 7 — 7 AR5 720 T, L
EfER T — 5 OFEBPVERDOIRDOOEN TS, F
72, BERENLOEFOPRE, AR L HILE,
HEf W 20 & DR LEE R & A 7~ OPEHRE O FEN
A EET 52 L QEELEICR > TV D,

4. BEDLPSDREMRA AREDHIRICHT B
ER V) 8 A AR

BRIV E TRl S Lz [ERERENEO
D7zOOFFREER Y YR Ty A] (WHE-H
A EEIHE) T, KRRBICBITLY v REHR
OHEMREOHIR, 2B 5 x5 V5E L EROHE
MEEEHRZ 2B Loy LRz ThNh . C
DMEICL Y, PEITOEED S OREBRYEN A5
HEOHIIEI TS 2 BAE DR AR 2 A% Z &A%
T& %,

CNOOHT, PJIERERFBY K EZ I O
Daiwen Chen # %1%, ZFHEIIBIT 2 0] &Y~ fi
B ogh®z, TR VF—TI3N15%, ZEOET
138920% LK<, BRD O < DR SBRBEIT U &
N5z, SFIERBEBEMELTISREILTY
5L L, #YRERREEMICL > TERS DR
REDLIEPHEEGREII o TNE I LRSS
ORI % HIF TR LIz, BlZIE, K3IRLzE
IS, KEROBNEN T 5 EREAEERIIL
EWIZET), BT b—IETLH, REZOD
FIHZRIEZENDENICE =2 2H D), ZORITIEL
WIKTF %, —F, BREAMIIFAHEIMET 5

RELNE

3. SRFEEIE, FKELERET) & BRBAN
DR

R, BBICHEMT 5, L72d> T, REDRED
FYURTAHLELELIT, FEEHONEEZXSZ &I
XoT, FIRIEO - 2mn b L LI, BEE
HT A KR S A MBI X DO THETH 5 & 15HH
LTwad, Zhudx s Vil 2 £ 2 5 ETH &
DA N = R Y a8

WE ~ TIVEI R #BE D LuDeXun #¥% 1%, 5
HHHIE T O RBRE OAEREMEDA LI LA T
W5 o KL EPEMEAE O AR VR A2 RE B RE M) O R %)
O FICHEEZEWTWSDS, T IUTERN NS
% P (Integrative Nutritional Manipulation, INM)
Pak e MIh, & CWHS 2o—BE LTI M
TNTVD, JARETHMERIEY 7, FiT 7,
FyERa Y ELREOREMERTH LA, hz
4 FEF OFAM DA G bR THEMEEZ Hd L ) &
T5bD0CTHb, CNIEPTITAIMEFEL HIT
IENTEBY, P (roughage processing) ML E D
WETT Y EZTRHRH A L =LA ), B
EOWMERSWET S, M1 (nutritional manipu-
lation) (ZEPEHRINMIINC X %IV — X ¥ TOHALME -
PR OL#ETH Y, M2 (nutritional manage-
ment) (XEVEL ORI T A X OWLEL, FEHE G- T



50 AR S 20 N i (s S 4

DFIFALR FRFOIAG 2 £ X B REFH O I
Td %, M3 (nutritional status monitoring) & %
BIREOE=5Y V7T, HMPFIHR SO
DA RNEZ FHMS %0
IM%&mﬁﬁi¢i7?%%5th7$%ﬁ
W, INMEEOH WM E WG L 726 % #i v

770 ESIRLEEDIL, TUyE= 7’5@@/]\?%‘77
O (DM), & HE (CP), Mk (CF),

P57 — 3 = v Mik#E (NDF), @?iTﬁ’*—‘/l/
M #k#E (ADF) O iH AL 313 INM ik o 38 A 12
D, ThZh, 3.46, 4.74, 7.04, 3.05, 4.0896&%
B3Nz BROFEFB AN, WARE, SR
RBHUHE I NI,

WEHIZZOINM EEE HWT, BERX VFEITHE
SRR F A = v 2 FENIRINL, WEROFHMEEE L
&R RITOVTHHRE Lz 25~
DHIERN RN D W TIZRE ZEHE DA STV e
DTF—FIFHOLNTVARWVD, TOHEITLD

25

10% L E OB Wi & i€ L T\ 5, LuDeXun
RIS oFEREE D, FEICBI SIS
DAY VHIERELTEEDIIICEF LD TV,
MAEEOY A L — VT E 720 F > TRV,
CHICE DAY VREDRDDHREHH S NLEZ LD
WMEINTWAH,

MEEO T = T HIT T THE SR
B2 HAThNTE DY, 1992E0 5L IEER T vy«
7 MHAA TN, 20104E £ TOFETEDOE KL
RKBHED LN T WD, THIZED, ¥ 1E10%D.
s 2 epmenTsy, HETOIL— R
IHODRAY YHERENEE LTROAEEEZD
NTWb, 7 VEZTHBIZ L - THFEOT LRI
HEDLN, BALT VESTHEN X Z KK %
5 LR D Do T OFMIETICEHFICONWT
b TBY, REMLErPOOX Y VERES
~10%ET SRz LHEESINT DS (KT7), TV
FZ 7RI L B MER ORI kR & X 5 ]

F5 TUEZTMHUNET I G Lz X Y EOFEFHVEC KIET IMN HiEoR) 5
IMN i o
HALE (%)
¥ (DM) 65.18+1.72** 61.72+1.40
MEHE (CP) 67.57+2.03*" 62.83%1.96
HMigAE (CF) 64.68+1.84** 57.64+2.56
Ty — v = v Mlk#E (NDF) 63.76+2.40" 60.18=1.80
Y75 —Y v MM (ADF) 55.80* 2. 22* 51.76+2.50
EFREHEE (g/H) 8.49* 6.14
EFRAAE (THEEN%E LT 63.54 56. 22
Hfka (g/H) 83.3 73.8
R BR 10. 2 11.8
*P<0.05, **P<0.01
F6 SFEFRERILREEEIICL LIV —AUNED R T VEAEDHIE
Hefr o w] fE BTATA T AL HIER R
(CEREW 4720 D)
R LB
TYEZTMED S HEATH v >10%
Y7 < HEATH B >10%
WbbsvEersy Mgt R~ >10%
winmF A
PERFE Ty o HEFT B <40%
Ty 7N NA'AE AT B~ AR <60%
I ATV EEERINY HEATH A 5-10%
KAEH
7a T RE LR v <25%
BEARIVE S HEATH v 10%
FALAR N & P — B EL TR T 5-10%
A& v RHEH] AT v 6 —14%




HENZBITAHBED S DIREBMEHT A BE) 51

7 WHLENBELSOD XY VHIECEIT T
AT IG5 DB (TgCO,Eq.)

iR WBLERT 5D IERT 5 D
WEREEET R EE
1990 190. 4 184.6
1991 192.0 184.3
1992 197.0 187.2
1993 204.7 192.8
1994 213.8 200. 2
1995 227.3 210.9
1996 240. 9 221.2
1997 208. 2 185.5
1998 219.9 193.6
1996 F T BN 26.5% 19.9%
1998 F o HIN 15.5% 4.9%

*20004E IPCC 7'y N T2 T4 AHA T Y A2 B
*HRILT RS T

DWW TIIHITL RO Liu B3z 512 X > THO R
I MENTV DS, AT A MDMENT LA s
HENCBT MO X 7 VHIRE E UTRIE 2 )
BEWH) I ENTED, 7272, TYEZTUHD
BT, 7UEZTAEERRIIH LY, TiE
TORINE N U CTHBILERICE D, WERHRF A
DREPFIZHRY H B EAEMENTVWE, b
D% TEDLIZTIMA DL I EDT ¥ E = THLFRE;
Mz@ELTAY HIRZIT)BEICEETHY, &
BOMHRETH 5,

V=R PbDRAY VEEOWETIE, KEBRE
& (EPA) %5 OB &EM TA 7 v Lkt (SF
6) RV ML —H—FENF I {fTbNEZ
LIl oTWad, O 7)) v ITHF Y =R
¥— (d—27) LSF6zMET LA A2ux b7
FINFTTIZEAZINT VS, EERFEICIZEE
M H ), TNOEHTHERA VENLLD X
& MET B EBRMIE HADE D 2 Tk
NBD, ZHOFRKEGTO R F VDT — ¥ A3
i) DIIBEEZ Y ZF 5 TH D,

5. HUIC

HENZREE BRI WEEY OE BRI Z TB
D, KRIZMO RS, FRRPBRPHEZ 5% E0
ZAEDBHEEFN TV %, EFRMICKEOFHEIZHEML
TWh720I2, TEPLOREMES A (GHG)
OFEH IS 2 kelr, KHD SO % L5132 &1
otz L2L, RO ENS KOG T —
Z R EORED 72012, GHG HER DK EIER W

DT, MIHFFEARG O 2 XY & O FEN O
DHAZRD D Z EPEELMETDH 5o
HEGEO EELFAFIEE2bLEP MY ED
IVEREL EOEWEIEYTH Y, ZoOFHMERN L
PIHEOHIEIZZR > TWh, ZDRDIZTVEZT
WP H A L — DAL, BB I AT VR BRI o
FIHPEA TS, SRHIZED, HEDFEEZE
W, REDOFBEROWMME TE L7208z, 4
W7z ox% Y 2HBT L EVET LWL
WRZ Do FEPEEWBLCII N A T B AR A
THDHH, THIZXD AT VDD B FEEIIH] &
NHDOT, TOXH) HHMHEELR I EAHEMIN
TWwh,

ko X9 I RFEREBETIEEMAZED S O GHG
A LW R AR INICAT > T D, —
F, NLEREM I S HRFEIOHH A5 IR
B LEDICE0WI EREPHSLPIIENTV D,
FMICBIT 5 GHG O LI, Hiihcos FE
F RN ToO GHG OO wWToOF—% b
S ooH 2%, SHEIZINSITOWTIIAR
L7z

SEZW

Ak - FALAR - HEBOT - WK - TRFH= - P
AFEZ - HBEN (2002) PEZETMA S OWE
RIRA AP ORGEEE B, IRERRA AL X
¥ M) =Y AT AEEO TR A,
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