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ABA AL ELE SR [HEH B
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BHE RETERIELEEE (BEREREMREDD) FEEAREILE K216/
s HREATRMEE S B RO - FEEOHEND - ARFOHERE - B BHENT - SRR IR B AR
B » RIERENR 28R ~ 48 - 85~ 8 38 - 88 - WA R BERIT - SICRITRRIOE
Ut & B RSAANSE | MEFOEIDAIR SR A& B A 1E9~394R6~301mg / ke fEfH » H
ABIR100me/ ke#iE B R B2 K133 K42% ; FE & RATES6~1,147 K 35~623mg/ ke[
» FrthiEA500me/ ke BIFESARABZ 9 F15 % o BATIOR R BB P EFINE A &
ZERB100me/ke » A RAAE WA HRIOEIEAFE IO OB HERR - B R RRENR
R » HERRIEIE L S BEREER500me/ke » HTEE LW EE S RN
EHEE o RPN 348 BEE3~8,486me/kefiE » H#8B150me/ ke & B F B2H933
% o BREREILR 2 58 BIFHEERS > EB150me/ ke B RRABZI8% « XM
M2 8 & BAEA~1T6me/ kel - iB25me/ke B R ABZII33% « HAEFRRILHZ
#& BAIZE2~92mg/ ki - EiB25me/kg B INERABZ22% A T IOEILMAE
EEREERZ NS BEETE - R ERIGERBREERZBATR - LRSI
PHMEEAREINE 2% - GARERE | §51.08EH - STE8E0.1% - 8TFE
i80.01% o HSHEA BB IDERMERER - S8 - BERZERFLRER
; BIATEREE10% % 8% ~ WA BERMEEE 1% 5%0.1% o i Eabieist oA 5E 3% & B 58,000
mg/kg » SRS RER180me/kg » REEER o 5 —F5TH » FATIERARELE BIR
AN R R A SRR R SRR 150 Rk 25me/ ke o HHKILEREBZ » RI LR AERAT
SEHRMBERTHE » HEER o BRSSP RERZHE ~ SATIHERER5 ~ 150%50
mg/kg o RILERNEHTZ » BRTHIRARERN BB AABEMBEEZERELHNZ
BRI EIE ©

R ARECE - EEH -

BEKEZNY - FEERERMIGEEE » BEIIBFI2AE - CIRSEHNEESE - 77
5 128(F - MEZHREERNEERRELE » HEEGES - BRI RIFEEHERER TR
2 HBAL - BRERENE PEBANZER o HREERS SN LBE 2R ESREH - Al
R BEEBIRE R TEREES  BTEEERRRERARER  ERERY - BE"E
BB ST - RRWE - DRESHRFSEITESH - SNENERS  BAEABR | 48
100~1,037 » 1,533~9,670%633~2,071mg/kg o W& IR G RAZE T & ILFHE Mo6(HE - HEFEH & B’&
BZESRMEH ~ 8 $1% =% - Harada et al "B ERAH - FIOEEZEEH/EE > 5
Hf - FEBEER - RERERSHRTE -

1. IR REEgT WIS 1751 5t o
2. KR ELERHRARREERYE - ZWE EhHE BES-
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HPAEREEZHRX » BRSNS » BRRIEA - BRHESBRESBMS2HY - XEER
RIFBE R ICRHBGERE RS - WTEHIARE - WEMT » UEEENSEER > TREHERE
FEshiE » PIIEERE KR

WHEAE

— IBHERZRERIE

ERREHIS T ~ EREE O R BEE TR E NS E T R RS (BRI
FE ~ SR FRORE RENC BT B ~ SITEESMAE MR BATRERSL) | H1991ZE19033L R 64
An216(E (HAAMoRRAETRERERRR)  BEREMREATARS SR EEH8EE
RIS R RERE

AR A REILE » RECHZ ERFETAROE - HYEERIIE - ORENEHEE R
HAUR =AM MR 1H0R ©

K. REZEBRIUEEN R R

Table 1. Classification of organic manures and the numbers of samples collected

Kinds of manures No. of Sample Raw materials
1. 8 ~ Y EERIEE 53
Organic manures of animal or vegetable
origin
(D)wirerssEpess (28) PNGERR RS Rt S
Qil cake meal soybean meal, cotton seed meal, vegetable
seed meal, etc.
(2)FH AR B AR 13) TEERN ~ K
Other vegetable organic manures peanut husk meal, rice bran, etc.
GEmERRER (12) EEH - B AE - HENS
Organic manures of animal origin meals of wool, bone, fish scrap and leather
waste, etc.
2. 8 Composts 91
(DEEFHE (35) HE - KB BRE
Poultry waste compost poultry feces, saw dust, rice husk, etc
()38 #EE (36) I~ KB~ RS
Swine waste compost swine feces, saw dust, rice husk, etc
(4 10) H3 N BRE
Cattle waste compost cattle feces, rice husk, etc.
(4)58 B3 (10) 1053
Bark compost bark
3. HEEE R IR 72 BHEE) ~ WY E IR R s
Miscellaneous organic manures mixtures of composts and organic

manures of animal or vegetable origin, etc.

& g (Total) 216

)8 ~ EYWEAER (Organic manures of animal or vegetable origin)
B RERHR B R LR R AR R IR - AMRRERES S | MREE - RibiEY
HIRE R ITE - SABE 828 ~ 13R12E o mkEimeH e iSinTh - BRR - 1548
AREHF > ZBMREDE » RSEOWZMTEES - HAEyE e ST s
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KRS MR A RIBRIEYSEEY - B EICHAEEESY - HER - BRNAR
% TRFSLHIEEDE - HESWEIREAEYE LA AU Bk b —as [
BREER] M [EEER aR8EE8E  TARERGRENAERS GivE BEIER]
BRERRRITE » RETESERE) - WEEHERZEAEZ [EERERMKE] hRiTE
in H R& i B RREE IR ST ©

BEEERIER T U AR MRE BN (IREE - HWEEREIRD » WERSEAKREZA
BB ~ HEIE - AR BB AT S AR HE A B A R B ST A LR & AT E T
ATEERESHEAE » B IR SRR o R [HURNR E REKR] 25 ER B Sk
B > SEIERHSEE IR - SREEYIR RS AR I R S E R
B BRI EARER B HSCERNEIE - H0R & SIE SO B R & DR
Al ERREPBEET > THMESEREINNEE » TSR EEERE e -

(OHERR (Compost)

FRESEADFIE BT OEERRHEE « RASEISERES  IRREmRE
HE > DERSHI S BARERE Kb R IR LS » SREESMRESR o AJEHEINRDL
BERGEEEBEYIAR CREBRHBEERL) - BRSEEBEYR SRR | MM
PR E BRI ST B REREIE - FEIHEND ~ RSO IR B RE » FEATHE AT i A A
B&H35 ~ 36 ~ 10f1101/

LIz B A AR B ATHESI RS » ERREDTBIFEAREHEIE ; EIEARE — L%
BIMFEREFER LR - YIRS IO IR BEIOEIN S8 o 76 TR E RigE] &
FEIOEE ~ FIEIOFISERRRER—ME » %3 -

EHEEREER (Miscellaneous organic manures)

FAERSHEARELNE - RAORBER  REWEIEN - SRR SR A
FEk GIEMMUBSI RIS S EIERRE S - BREAEREEN » MRS - EEs
BIERED o R ERSEREE BN 2T REAINE » — RS RE SRR TR
RIS » BRRERS - BARICET2ME - Ak [R5 H REEE] theEe S
FHEE o (BHHEIE R RO I LSRRI S - M EICE » [ERER LA L%
DEEFHBRRE » MIRSHIT » Mg asBEIEEHRET) o

T BHESRESESERZAW:

B2 1 SR RS HE SR » BORALE: » AR EIEDL 5 EFEMMEE GREER) MBS » BLI25E
AR GUEER) MEERE - SBIRB 2B ICP (RIEHAEEMLER) BIEm - & -
B TSR o MZERA 2 TR S AN » IIERES « IEmEIEAE (UBRER
) &2~ 5F0ZEF » ERINEMR LIEOE » SR EBEEm RmBIREE » SEinanEa
O EEEWTZEIE » BedEBIAYSRE » BIRZ IBIKIRL ICP HISE -

SRS - LR L ARHESETRSE » BRNEEEES S ERER S | SRk
RERERZACEAT LS » LIS e o
S BEREESESBS REEEMI T

BOLRPREESBERZHEES  BREINNESE S B 2 S RIS S > 8
5315 (log normal distribution) o LAZASFHZE B2 Rl RS 2 IR 82 20 46 I 4% 36/ RIS EST 2 Bt
B - SEREH B E R BN BB R R D S S5O R A A A B S e 28
&I (fitness) > BRREMEEZFASBREEAFISRANBZEEST > MH1 K2 - X358
ZHEMGLERFEEESERT » ESETEARESEERIEABESE  —HRR - 28



AREENCESBSRER (IR ZHRSE 415

16

14 + X?=6.53*

12 +

Observed Sample No.
(o]

4+ /
N

X*(n=2,p=0.05)=5.99 o~ ———
X*(n=2,p=0.01)=9.21 | »Conc.
*:Significant at 5% level of probability m

Cur & CRICSH Bit)

<
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| N

4 Y

12t \
10+

X?=2.54

Observed Sample No.
0

N\

/
0 [ 1 |

2 —_—
X*(n=2,p=0.05)=5.99 ~ -
X*(n=2,p=0.01)=9.21 3 ! ?log Conc.
*.Significant at 5% level of probability m

Cus & (RS i)
B FHORIESOER 2 S BRI RS Z S

Fig. 1. Comparison of the patterns of frequency distribution of copper concentration
untransformed and log-transformed in the 36 swine waste composts
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16
X?=17.61*

14 1

12 +

Observed Sample No.
[oe]

41 / \

X*(n=2,p=0.05)=5.99 ~ L
X*(n=2,p=0.01)=9.21 N ; »Conc.
*.Significant at 5% level of probability m

Cus & CGRISHI B HL)

16
X?=0.70

Observed Sample No.
oo

24 ~ N~
0
X*n=2,p=0.05)=5.99 .
X2%(n=2,p=0.01)=9.21 1 ———>log Conc.
*.Significant at 5% level of probability m
Cud & (IR gimif)

W2 FEIOEIESSERR A RS BHENRAT ZFAE SRR

Fig 2. Comparison of the patterns of frequency distribution of copper concentration
untransformed and log-transformed in the 35 poultry waste composts
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CEBEEEAE Xi) - FHEEEELREERRUTZIEREEZE » BUTHRERE 1 Xi= (
—0.5) /nx100; i BEBRE/NIAFPFEZELTE »n BEMEY - LRREEEIEMBELER
BAGHISIE (Gaussian quantile) RESUR (BRREEZERBAMSMUBRUARFEHERR
SRS TEEE » table of the quantile for the Gaussian distribution, S’teel and Torrie, 19802
&R - HSEVHERRARERE NS BB AO I BEX YRR EATE HATEE » ARERR » 75
TEREBE BB R BBEE (%) HRERBRSMIEESMER o BMERE LR
FRIEAR » BNESI A BN SRS B R R REREE S B 2 3R » (I BRI R R R B S B 2R
KEIE

MM EREEE » AREEHEATFREESBRESER X BERRE » HRE (scale) 7y
FAE#E > MERZEAERSREERER » HTHEZRBEERT » YMMEEBSANSMIE (
Gaussian quantile) BRE o _

m - EEHE (Data basis) ZEL :

FRAEBATREEFRR RS SEEHETE » SR — 8 8BS ~ SRIVERERIT
PR~ B~ 87~ 55~ 8 - FRENMKSERSSE (WERSSEEUSEHE) » i ~ §7 -
B85 B RTINS ESESR - WHZRAEL  UARDXRRNEE BRI RS
FREEEERE o B NERERTR - BEENEREIE R EEEKR

FEREETR

HEEREIENc ESRS B - PENRETSME » R 2 o BEPVREEREITNR I
fEfRmZ ~ FERER » TSR ENERAREESTRE 3 k4 - BABERFEIEEILMEHE
EREEMRRZ® - HSBER » THREECRNEARFESTRES K6 °
— 47

HEFOHE IR B I Z SR & B S B9 ~394 % 6~301mg/ke#iE (%£2) - HdEiE100mg/ke
HRERMZAIINAL%LEA (H3) ;| HASR BRSEEAIREAN « — RIS AR
HEAE S EREE BRI RNBURBERLEIIINZ c Harada et al®7RidE HARFEEEHERE hER &
BRP100me/kgB kA BZ70% » ERHEFEIE IS BB ; HR100mg/ kg E 5548
Z10% o

FEOIE IR R RIEIR & BRI R SRS INTIE S - BREERNER - BEN
HENRPRVEERE BRI Z I o BENN100 ~ 175 ~ 250 ~ 325mg/ kgl & iR BRI 1% » H¥EE
PSR SHBEHE CREMIA) 27 ~10~16 - 20f%2% - Harada et al. PH¥SHBEE P REER
EBWERYBEZEREER RN - SRR Z4.9~7.6%3.2~4.5(% o T RFEIEHEIE
Fre SiRsk B EEL BRI BESEHEIR & SN2 -

HEEREIEN S BTG RES ; HERE2~234mg/ke » HiB100mg/ kg (5 A Z10
WA °

R R AEIOENT - FIOEIESSTE R EE - EAREEFREARZNSE - WAEHER
MZAETREEZE » AR I PR o
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*2. HEFHENECESBSR (BE - Bl - BHFY - BT > B me/keicE)
Table 2. Ranges, median and means of heavy metal concentrations in various kinds of organic manures
Kind of manures Sl\zll%glfe Cu Zn Cd Cr Ni Pb As
1. 87 ~ EEERINE  (Organic manures of animal or vegetable origin)
(ks (28)
Qil cake meal range 9-161 37-372 0-2.5 0.2-24 1.4-15 0.3-27 0.7-13
median 15 47 0 4.3 6.2 2.9 0.87
mean® 24 73 0.27 5.7 6.3 45 2.6
mean” 18 60 0.03 4.1 5.6 2.9 0.43
(PAN=R{iiXiEC = 13)
HEEE range 1.4-30 10-127 0-0.2 2.1-15 4.0-5.7 0.3-5.1 1.6-100

Other vegetable median 8.5 43 0 6.3 5.3 4.0 3.6

organic manure mean® 15 53 0.03 6.7 49 3.0 36
mean” 9.3 39 0 5.1 4.8 2.1 10
QEmE (12)
HHEE
Organic manure range 1.0-561  42-2827 0.-4.8 2-54324  0.7-415 1.4-37 0-66
of animal median 20 85 0 11 6.0 41 2.0
origin mean® 8 424 0.68 6,252 47 7.2 9.7
mean” 21 144 0.04 37 6.8 44 11
2. #M8 (Composts)
(DgEFEHERT (35
Poultry waste range 9-394 56-1147 0-6.2 1-282 1.1-30 0-183 0-27.3
compost median 63 263 11 13 12 8.0 78
mean® 99 286 14 23 12 14 9.6
mean’ 63 245 0.9 13 10 54 5.7
(28 #HED (36)
Swine waste range 6-301 35-623 0-7.0 3-8486 3.5-176 0.5-60 1.5-113
compost median 83 232 1.7 29 19 14 14
mean® 101 232 19 898 32 17 18
mean’ 77 193 0.7 70 20 13 13
(3433 (10)
Cattle waste range 14-225 51-308 0-3.7 3.1-314 4.3-18.6 1.6-19 0.3-24
compost median 46 164 1.22 13 11 6.8 17
mean® 82 152 1.36 39 11 74 13
mean’ 56 127 0.42 14 10 5.8 7.3
() Bz HE i (10)
Bark compost range 22-52 77-216 1.9-5.6 21-46 12-31 13-34 0.9-65
median 34 115 3.2 27 23 23 21
mean® 34 127 34 28 23 23 25
mean’ 33 119 3.2 27 22 22 15
3. AR EIEE (72)

(Miscellaneous range 2.4-234 5-814 0-5.6 2-9196 2.4-92 0-150 0-57
organic median 22 108 0.8 25 11 5.9 94
manures) mean® 38 163 1.2 469 18 11 13

mean’ 22 111 04 41 12 6.1 5.3

” arithmetic mean
Y geometric mean
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O : Poultry waste compost
% o0l ® : Swine waste compost q;oo
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Fig. 3. Cumulative frequency (in quantile scale) of log-transformed concentration
of copper in the 35 poultry and 36 swine waste composts

®3 B BIOEIUIEEEEREICNE - BERCEEMAERLR

Table 3. Comparison on the concentration differences of copper and zinc between
the samples of different years in various organic manures

419

Kind of year of No. of Cu Zn
manures sampling sample mg/kg mg/kg
I 80 12 91+ 76* 190£151
Swine waste compost 81 10 127+53 242+ 84
82 14 156+184 9244203
F=0.898" F=1.481
HEFOEID 80 13 112+ 62 340+164
Poultry waste compost 81 11 114+122 2661312
82 11 108 +147 244+104
F=0.008 F=0.735
A RERR 80 15 37138 1554108
Miscellaneous organic 81 17 4157 132+103
manure 82 40 38148 2094216
F=0.032 F=1.369

* meanzxstandard error
Y F test (Fo.s,233=3.284 ; Fo.05,232=3.296 ; Fo.0s,260=3.132)
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ol 24 ,

B HE AN FE AR A 87 & BB #E56~1,147F035~623mg/ kefiE (F2) » HA#:E500mg/
kgE » BREARBZHONMS5% (H4) - Harada et al. OFf#ifsZ H AR IS IO &
SREBHATERREES ; BiB500me/ ke EAEARBZ20K50% » REMFBEOER RS S
FE BN  WEEIOEIEMM IO IR S & Bk B HETR - BRAREIERZHSBEAEREE

; HBMRAES~81dmg/kg (R 2) » MB500me/kgBINANFEZHENE » (5RABZ 5 KR ©
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@ : Swine waste compost
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Fig. 4. Cumulative frequenc¢y (in quantile scale) of log-transformed concentration
of zinc in the 35 poultry and 36 swine waste composts
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TR BReafnse » TS &9 ~ SR REIRZ A » MR » DRGSRt o
= ®o

FEEORICZ 53 B7E3~8,486mg/ ke[l ; HliR150me/keH ZRABZH33% - BEER
ROk st BIMEE B - 762~9,196mg/kefilE » HiB150me/ ke B R ABZH18% - &S
B RTURE A A0E 5 FiR o

IO B BEA~176mg/ kgl » HoilEif25me/ kg B B EABEKI33% - HEARE
FERtZ & BAIE2~92me/ kel » HB25me/ ke BIMERARE 2% A4 - —EHERZEM
SREESITTE - A0 6 o
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. 5. Cumulative frequency (in quantile scale) of log-transformed concentration
of chrome in the 36 swine waste composts and 72 miscellaneous organic manures
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Fig. 6. Cumulative frequency (in quantile scale) of log-transformed concentration of
nickel in the 36 swine waste composts and 72 miscellaneous organic manures
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B R IR SRS BIE R E Bime/kell T » THSRER ZWER T - A REE
RHNE Y R AN IS R B E A BRI ANR & - HSSMRE BT » |
HA B R E RS - MEE SR - SEBREER 3 « SMOREIOERAMEHEIL Z AT
SHEHNS  RETRMSERETRERZBAEH > WHAEIDNZ FRER T # » 7R Rigs
S RESESRIEEFEN (B4k5) - UREERPHE - #8398 (5:#5.4%5%0.03%
) SEHEEBEE o K2, BWEERICEE - BB EEZRTUME (8552~54,3245%0.4~415
meg/kg) REMTFHEZHMUE (%56,252k47Tmg/kg) FEMBEBIEITE 2 ZEMER

F4. FEMEAEESESBMARRE (n=36)

Table 4. Coefficients of correlations between concentrations
of metals in the swine waste composts

Metal Cu Zn Cd Cr Ni Pb As
Cu 1.000 0.746** 0.010 0.207 0.247 0.176 0.110
Zn 1.000 0.116 0.217 0.302 0.150 0.158
Cd 1.000 0.110 0.079 0.277 0.235
Cr 1.000 0.742** 0.020 0.081
Ni 1.000 0.037 0.070
Pb 1.000 0.191
As 1.000

** Gionificant at 1% level of probability

#*5. HEARECHSEESESBRMEREAE (n=72)

Table 5. Coefficients of correlations between concentrations
of metals in the miscellaneous organic manures

Metal Cu Zn Cd Cr Ni Pb As
Cu 1.000 0.613** 0.579** 0.051 0.015 0.063 0.265*
Zn 1.000 0.427%* 0.165 0.115 0.477** 0.128
Cd 1.000 0.069 0.152 0.403** 0.518**
Cr 1.000 0.355%* 0.105 0.207
Ni 1.000 0.164 0.135
Pb 1.000 0.245*
As 1.000

* Significant at 5 % level of probability
** Significant at 1% level of probability

FATIERAR O AR HEE R E NN 2 8% - S BRRE | 8108 » S8T9E8:180.1%
» RARHEIE0.01%  HPHPRAREICH SR IOEIE Z AR E - 8 - RS RZRRA LR
B BUNEREE10%H 85 ~ MERERERR 1 %K0.1% o # LR AR AN E 8% & B H5E8000me/ ke
s RS REE180me/ke » IRBERR - BAREHAEREOPEEATERMEERRAERER
Bl BEIER g B RRAE o HEEH H RO AE SIS T B R BRI IR BRI AR 8 ~ 3
ERERRZSE (FE1.08ER » S878E81R0.1% » BARFEE0.01% » HRARE » $84.0% »
$20.4% o MATEMERBRERRR20% » RIRAKRERER$#52.0% » $0.2%) ; RESITIERHEERE
FHE SRR BRI Z 8% - BEBETEETERRI50%25 me/kg HE - FREARHGTES
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Metal Contents of Organic Manures and the
Current Criteria of Regulation'

Shen Lian and Yahn-Chir Lee?

Summary

Two hundred and sixteen samples of organic manures were collected from either the
manufacturers or the sellers during 1990~1993. The manures were classified into (1) com-
posts, i.e., poultry waste compost, swine waste compost and cattle waste compost, and bark
compost, (2) organic manures of either animal or vegetable origin, including fish scrap,
steamed bone meal, soybean cake meal and rape seed cake meal, etc., and (3) the miscellane-
ous organic manures which are the miscellaneous mixtures of organic manures. The con-
tents of Cu, Zn, Cr, Ni, Cd, Pb and As in the manures were analyzed and a data base was
constructed for quality monitoring. The contents of Cu are generally high in the poultry
waste compost and swine waste compost which range 9~394 and 6~301 mg/kg, respectively.
A quite good fitness of the frequency distribution to the log normal distribution was
observed. The contents of over 100mg/kg were detected in about 33 and 42% of the com-
posts, respectively. The contents of Zn are also high in the poultry waste compost and swine
waste compost which range 56~1,147 and 35~623mg/kg, respectively; the contents of over
500mg/kg were detected in about 9 and 5% of the composts, respectively. The contents of Cr
are often high in the swine waste compost and the miscellaneous organic manures, which
range 2~54,324, 3~8,486 and 2~9,196mg/kg, respectively; the contents of over 150mg/kg
were detected in about 33 and 18% of the swine waste compost and the miscellaneous
organic manures, respectively. The contents of Ni are also high in the swine waste compost
and the miscellaneous organic manures, which range 4~176 and 2~92mg/kg, respectively;
the contents of over 25mg/kg were detected in about 33 and 22% of the swine waste compost
and miscellaneous organic manures, respectively. The higher contents of Cr and Ni in these
manures were conjectured related to the admixing of leather waste which was the byproduct
of leather industry using chromium. The metal contents in the above organic manures were
also discussed in connection to the current criteria of regulation.

Key words : Organic manures, Heavy metals.
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