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R “C-EEM UN-REAREN, B RBAR AR AR T ERE D06 FE
EERIBIH. ERNVARHBMIEEEREAOMMTNS, PHIBEERN 0.041
mg/kgto HTHBEATNEMIER, AT 13%NEMAFKR CO. MKo HHET RN 'C,
9% AT BES TENCED AEFHRENFTRR. TRMET KRN SRR R, /25
R

Rk AZEr hEBYS RN BN 0.07mg/kegH 0.05mg/ kg, KFHRA "C-SHEERY 90%
DlEaE g R Mg LR RP, SNMNRERS N THYOBNRS, JHERT LBMRENKF]
Mo MIBERER HETRAFEAREKRRELEPERRE BRMRER 0.044mg/ke 1,
TEENTERNEN L REREE BRRT REA K @R AN ERIRFE 0.20me/
ket ERRKPEARRRRRL S,

X@A R ZRLEER, DEAEAS

SRR A SR S ¢, R R KB ABRRE, A MESRENFAE, HEREE
Bo WL, HASFEEFEBRIT R HEER

SEE—MESHEGREE EARIRER S, RPER, 3D, DRRKENE
EER,BAMXOHRE, —BiR, SBASRE T BUEDN—FNEDE, SHE
SMXESH B EMER, HhEPFDFEXA L ERER, FTUSROMAERERS
RKo HRNIIMEREBZEMPAERENE, EERRRE-IMEENEERNME (AM-
EG), CME L MEREIREE 20mg/kg T ERIEARBRERET, AWLHESE
BEMEERSRIRNY 0.20mg/kg +,

RE\EIECEBOIH, TUAE SRR IS RARENT: 25CKPERE
A 7%, ETB-KERPHEAR Kd = 0.05519—0.12990; A4 EH & ¥ BCF 24
2.64—26.111; ZRERMTHN 26 K; BEERH(BRBREMHRDLENER Ty =
1.3—5 K%, BSL a0, B3 28 L S W E R R rh 2 AR B E R HL G B R AR EY L L2 R
fEAMERER. AR, TENEHAEYNEFERBRRABR SN BERHTE
BREOBERERELR, MAEREENARIHSEABKT 1, AMMTERELR6ERER,

* BWMAR TN ETEEE REHHE.
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SR L KRR, Wi A BEREE,
Ak, RITEM C-EMM "N-RENREN, HRTEARELRAEARAEROLD
W EMAKRRE, VR REREXREFRNS ZA AEERREM.

—. #B AT 3

1. 5REE7 “C-ZEE [(U-'*C Hydroquinone] [IgE #HEH Amersham AT, WIGE 1.11
GBq/mmol; 5 T8 M = 111; KRICHE 98%, "N-REMHE LiElL W,

2. 1 EFICEAE FEARERELMATA 0—40em HE L4, HH AT FE#E L, pH6. 4,2 N
S8 0.708/ke L, HHRATR 16.08/keto ARG BRI MEHE, ZEHH "N-RE 0.20/4
T GEYTEEIIRERR 30me) BB —0. 18/ +o “"C-HBEKRE 0.4% (REL) A, FEH
1.885x 10°Ba/ 3 1 (EFER 0.8mg/R 1) WIKS HHRESHOBIHAOXIx20)em’ F¥BE 4
h (RBARK), SBRLTE 1.5k T LI, LH—HE,T1990 £ 5 H19B KRR 2 #k/ R, =
RER, BEEK—FAE. AEFHESRFER—K, E-METPA, LREREREE 20m KB
F10 8 4 BUCRE fo

L.EEmMSMAE  ABKIHE,IR 2—5g FRLHERATERGHNEDES, BRAETFK
A 250ml RIKIEBREH,MA 100ml BE, 76 100 °CRBPIRER 24 /N BB R BEER S 5ml, R
1ml FHR R INGRE o X4 ROV B T IR IR 2o

HERREBBREREEHFE 1ol HFREINE, AEHELEWAT (15x45)em EHRE) f
(8 X 17)em(LFE)FIIRLE L ZEF B 0. 1mol /L £k = LI WERFAPTERTREF . HEREER
BiEe (H 1 EXBE)MNE, BREBaNEERENNABEN T, AFBBRERG. . 55
1ml 7245, FRR AR N SR B o iR i R R B i ER S B

4 SBMLLBRRESHNME WeIRZK RS fE ¥ LA, M RE R % B0—5cm 5—10cm 10—
15em R 15—20cm 53R E BY, 43 BUBGRE, T B E RROBZE MRS (¢4.00m) hiBRER, fHUE
I‘C :@\%ﬁo

5. X RAXMEREHENE BXTF L (60B) 18, RABLE, MA "C-ERMRABEAKRGEK
BERFEILL) 2mls iRk 0.5 /K, SRJG 40001/ min B0 38, IRER b 75K 0. 1ml, 3 AT 0k DR 5 15
ﬁo

SRR ABEME 5B FI-353G1 BUNERKNSEHT$EE,'C RLH: BE 1190V;
FM A1/32 x 1, BERE B1 X 15 U,8.5V, Uy3.0V, Ug0.5V, 4717 el im i “+”, |
BI3Vo [NSRMKEZYS: A 500ml;POPOP {1,4--[2'—(5'-FEHEW) -5} <0.1 g; PPO(2.5- 2%
EW)2e, BMNRIERSRBR3mL,

TEVCEEMNER  HRATHLE GREDER) MRZE, WA ¢4.0co WEEPHRER,
DIENE "C nEEMEH, REENEMNEY FHI914 BURKE S MEREE, C MESZYR
CFR, (RE#D)o WESA: HE 1000V, EBAIHME 2V, B RAMEH 20, RS B BCR SR 70,
REGBUE 2V, FABENE 0.2x107%, FFAEN 0s, REFARIEKE 5% 107 74 T 05,

SHHHLBER "N JE  LEAIKE; "NRAZALEE.
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Fig. 1 Distribution of hydroquinone
in the soil profile

SRETBEPEREESE (E D, BEhRERETE

THEMARER “C BiEE, LRAEME
THEIBSAEER, LEMRE, SESERE
&, HEMEFERMANSRSBEBLGELR),
HEEWYNEEEH 102 £4, HALERE
TERABREIHXR, HERGENOR
DT GRRAKRER IS R, BAME LR E,
HTEENCRIERTEREM, RERD
B ERERN, SRELBRHEIINEITH
EHELEEREER L, BERNZIAT
EBMARNES

2. LB ERNEARAEER
REHA LB C-E/, £ KM
BZE, e C R EESERILE 1, X&
WKW, “C-EEmHEALEZE, KBS

(BB EME)REE LD, KRR N &S 1.9% , AR5 R B R SR, &

R CO, BAKRSHE, HERKAX 13%,

®1 IRKER%EP 'C EEMHTE

Table 1 Material balance of '*C in the soil_rice system

BEREMA “CD
“C added

with urea

THEERYE “CUD
“C residual
in soil

KRBE&EA “CUID
C absorbed

by rice

“CO,(V)
(V=1—II~HI)

10'Bq /42 (%)

10'Bq/4:(%)

10°Bq /4 (%)

10*Bq/#(%)

188.6 100

160.8 85.26

3.6 1.91

24.2 12.83

TR REE 85% “C MEEBRILE 2 Fifo BRI, REAXLE “CH, 91%
EARBUANE GBS FRAEE, CREERI MRS T . RES SR, B

F2 LHARY"CHEEME

Table 2 Forms of residual C in the soils

tiE MC FLTH “C-EE it
. Total *C Pur?
“R in soil Changed Hydroquinone-"*C (%) hydroquinone
RS
: BRI BIARTTHR 8B4
No. 10*Bg/g (%) Télﬁ Extrac:able Non.extractable (%)
ota with alcohol | with alcohol
4 1.1241 100 92.3 40.3 52.0 7.1
5 1.1146 100 87.5 33.8 53.7 12 5
6 0.9771 100 93.8 65.5 28.2 6.2
FH 1.0719 100 91.2 49.2 44,6 8.5
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BRAMHRRARARS Z— BRI RY LR 49%, XE4rEER L@ PR
THEIEY, WHERENBRS, WL, SRS 7P “C MOREHA T 2118
STo BAFRERES, FERLHEPNED TFAEIMAY, HELHRB "CH45%, XE
SERERZ LB, THERNE A MBS &) XEmA R EE
T BL LA SRR (“C) FERNMS HIMEKRE "C Y 8.6%, XBRILH, LWERE
YE AP 2 R E F R SR HIg P R A= E ML

3. M EERARE N EENREXRERLE 3, THEAEMAE "CH
R BUR KRB B GEHY 88810cpm) 2 5, 4 30 25, R EEW M H b 88 % B SER, &
AL REmERNAENE R PSR T, FURERE DR P R EER, #Einim R
W K (B AR KD TRA AT REHER o

&3 LEX C-HRORMHE

Table 3 Rates of C-hydroquinone adsorbed by the soils

Py A 1 B S ¢ s JE LR - R B A TR R
Activity after Activity in Activity after Rate of

PRy addition solution after adsorption adsorption
No to soil (cpm) centrifugation by soil bysoil
) (c¢mp) (cmp) (%)
1 88810 11658 77152 86.9
2 88810 9715 79095 89.1
3 88810 10486 78324 88.2
p3 1 88810 10619.7 78190.3 88.0

() AESHASRNS> SR M

LABEBREEREREMNSHESRSE  “C-ERAL "CEABEMHBE R T TR
SNE 4o BRI, EHASBRERKTHRERELLEN TS, ROZZHA L4
f&o RBAEAXKBNERS THHFEIBHREER P, NEHHRENCE"C-HQZ
EE, ZH(7.6OEMEKR(15.52)K | 5%, XEHLERSFHHC 5T KBEEARK
FORM, B T FHAE SR AR IR T RBRERF L Z .

®4 EEACERBEREDPRESH

Table4 Concentration distribution of HQ and '*C in rice parts

% H bt * an
T Stem and leaf Brown rice N
me ¢)) an
No. (10°Bq/g) ng (10°Bq/g) "G e “C-HQ
ue “C-HQ “C-HQ ue UC-HQ H“C-HQ
4 1.4837 0.1883 7.88 3.5035 0.2271 15.43 2.36 1.21
5 1.2273 0.1609 7.63 3.1909 0.2042 15.63 2.60 1.27
6 2.2315 0.2975 7.50 5.1319 0.3711 15.50 2.30 1.67
L 1.6475 0.2156 7.64 3.9421 0.2675 15.52 2.42 1.38

;. “C-hydrequinene #EEY¥ “C-HQ
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Table 5 Distribution percentage of C in various parts of rice

=R - | 5 "C BERNEAE
% Total *C Percentage in total “C
BE
B R4
Parts WS BERETREREE S Extractable with alcohol
No. 10°Bq/g % Non_extractable
i T THER 4 AR
with alcohol Changed HQ Pure HQ
4 3.5035 100 68.1 25.4 6.5
bS] 5 3.1909 100 66.2 27.4 6.4
* 6 5.1319 100 65.4 33.1 1.5
S 3.9421 100 66.6 28.6 4.8
= 4 1.4837 100 79.2 8.1 12.7
5 1.2273 100 64.4 22.5 13.1
L 6 2,2315 100 80.9 16.9 2.1
B3 1.6475 100 74.8 15.8 9.3

2 SEEKRSRAIRE SRS SARERAN. KBKRE, HER)4EH
R 1C I IR S0 BAKRBIISNESE, 0% M EBHKBRLRE, SRS
FHEY “C HAB S RERORBYS T, b B BRI R S TAMLEY, %
EREL, RS, LRTREREE RS, R, B TWREN “C & 286%, &F
LIRS T PRI IBER o5 66.6% 0 DISERS TIELERY “C Belb, (1 4.8% 0 ZH 1C
FEWHERR, “C-ERERHZE, HAREWRA KRS THRMLANK, LR
REE 75% BABIES FHEHEMUAEPHD, KRN E 16%, Mk “C-ERE
RBRILLHI LR Bk, RERG% 9%0 B2, SNRSEEAKRE, 25T #HY
B S T EE RN R RARFE T RS, BB —AHEE, ARBERD
ESVE S R iR R SRR SRR R EE R R T,

SRAE AR ROF o M 6 1 “C/°N Hufli B , KRR KBUR % N B it
S CKERINS, S0 10 55, BERUERH 2829 (5, XRVEAMEES
ARITEIA REQR B2, LHRE “C/'N WHERTIEAL, AHENBER
RE (R EIR IR NI 53 NETE (R0 M SRR ML AR 2, R 55 B, 5
MR 1Y B R XD HIIR NG b, B R IR R BRI, MOKAEIRPY “C/°N b
{5 AL EME NS (R0 3 £5), WIS “C B SHEMBRRE, R T KRKA
SR 1 B R N AFESEHE 0 B S M BRI 25K, 1938 0 SR B R FA R 8
R,

%6 EWAAREARY C/ N

Table 6 “C/!"N ratios in the soil and rice parts

5\ + 390 + MR % o 7%
Addition Residual Stem and leaf Grain
in soil in soil

1/115 1/72 1/1160 173299
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(2) SBEIRM—AKBREPHRER

RBUSFHAMARBRE 30mg, HhEMHBRERN0.4%, WEHEREK
HC-SRAHLIE M R mg/kg HFRER 7 o HEBF R, KRHFLhEBNSERY
£ 0.07mg/kg,ZEMth2% 0.06mg/kg, T HPHREER 0.04mg/kg +, b A B 0.53mg/
kgt THT 93%, RUAB, AERMEKERETHE, BMNUYPTERNERTEES T/ N TE£E
RERPH AMEG EHr, T A AR 20mg/kg FRIRIE AR BERET HEERER
MEH 0.20mg/kg +,BTRASERSERELZEN,

F 7T KSR PEREHZER

Table 7 Residual of hydroquinone in the rice and soils

xu Bﬁ X S z dHf £ j:s il
wn rice tem a €a
ﬁ%’ ro 1 e n o1
No. Bq/g 10’ mg/kg Bq/g 107’ mg/kg Bq/g 10*mg/kg
227.1  9.636 188.3  7.989 80.8  3.681
5 204.2  8.661 160.9  6.669 142.6  6.049
6 79.0  3.351 47.0  2.008 61.6  2.589
F 170.1  7.216 132.1  5.550 94.8  4.106

(W) 1 BEERAREREBRE
SWEREFALEZE, B THEYRKS, SR MERTREOENSE, AL+
BERAEEMENRMNMES T, RALESYE0d ARk Ly RER K L
WA IR AR T o, BT S R R, By 28 W R T I8 AR BRI N [ R S o e 3 T 1 2o
SREE—M 1k, EOLEFRNEISOIERER T A— R RN ERHR C, = Ce ™, &
G, ATHESEFREMEM r = o, JEMERNER), ¢, (2Tt HAFE, +
W EILIRAE R, ¢ XL AIRE, L YRR R EETE . B ETE TR,
Co —_ L
log—a 0.301 ™ (D
AW Ty, HTHKFEAGDSEMEENE LN FHRRE, E—2&ETH—5%
o
TEEKEERMNBNE , EEFHEESR T, .2 ERENNEE, TESENE
HERKISK, LALBLERHITH AMEG #, & f,= C,/C.,, HFRA(DRXE
1ogfi —0.301 (2)

s Tl/l

ER,AH f, REME ¢ 3%,

EEBFEHERE— R, BXEREHR, 28 » €5, 1BSEERBRYETATR
R,

=C(fi+RA+A~+ -+ (3
#H n->00, ISETIRES, SRERBEEHRIRE:
= -—1 _
R. c,(l — 1) 4)
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K RA R, HHER EREMAFAERNLINERRFRTERRE (me/ke);
Co HE—FHIE ¢ — 0) HEMEAR (mg/ke); fi HWBEEHL—F ¢=1) +
MHMARRIOLE, LS TR LURERMBARZ L,

GPIK LTS 225kg I, BURMRURE 30mg/m?, KhSBERHRER R
0.49% , WIAUCHEIBARS TR L HSREER C, — 0.53mg/kg £o %7 AN, HWE—
R, DMERERE C, — 0.04lmg/kg 1, FELH = C./C, = 0.07736, % C, R 1
RADORE:

1
1 —0.07736
IMEREY, KRR ATREE, LHSRERRERRER 0.044mg/kg +, ¥
BT AMEG o B, TTLLESEHING, R AR AR R R AR+ SRR
KB, RATS RIS, XA B BREL M,

R, = 0.53 X ( - 1) — 0.044mg/kg +,

g #F X MW

1. AAE%,1988: BEHMEHNSBERERFEEZTOMER, LB¥RH 2545 2 1, 191198 W,

2. BRI, 1990: AMBRBLAYREIEINEYERS L HEEE, NALSER, F1425,149-153
Mo

3. WiAR%E,1980; RABEIFERRIEPRGRAFRER, FERE, L 4—48 T,

4. Bremner, J.M. et al., 1971: Inhibition of urease activity in soils, Soil Biol. Biochem. 3:299-—307.

5. Gould, W.D. et al., 1986: Urea transformation and fertilizer effeciency in soil. Advances in Agro-
nomy. 40:209—223.

6. Kerel Verschueren, i980: Handbook of enviromental data on organic chemicals. Van Nostrand
Reinhold company London. 746—748.

7. Apsuannii, B.A, n xp. 1985: Koupiorauns Ix3orenHoro I'mppoxmnona C IlenrBpamu B Pacremusx»
Coo6menks Aknemun Hayk Ipysnnkos CCCP, 118(3):608— 6117



2 1 FHRE: ERETHKBREDROS 6. EETNER 145

DISTRIBUTION, DEGRADATION AND ACCUMULATION
OF HYDROQUINONE IN SOIL-RICE SYSTEM

Li Shuding, Zhao Xiaoyan, Zhou Likai, Meng Hongguang and Yang Jianqiu
(Insiitute of Applied Ecology, Academia Sinica, Shemyang, 110015)

Summary

Based on pot-experiments with “C-hydroquinone and “N-urea, the distribution,
forms and transfer of hydroquinone (HQ) in a soil-rice system were discussed. Resi-
dues of hydroquinone in soil increased with the soil depth, with an average
of 0.041mg/kg. 13% of hydroquinone was decomposed as CO, and H,0 due to bioc-
hemical and physiochemical actions. 49% of the residue-"*C entered into high mole-
cular compounds and could not be extracted by solvents, while 45% into low mole-
cular compound. Metabolism, distribution and absorption of hydroquinone in rice
were determined. The contents of hydroquinone in brown rice and stem (and leaf)
were 0.07mg/kg and 0.05mg/kg respectively. Results of pot-experiment show that
exogenous hydroquinone participated in metabolism of C in rice and promoted the
utilization of urea-N in soil. Limiting value of hydroquinone residual in soil after
long-term application of slow-release urea was calculated to be 0.044 mg/kg, which
was far lower than the hydroquinone standard 0.20mg/kg soil for human health in
U.S.A. It could be concluded that long-term application of slowreleasing urea is very
safe.

Key words Degradation, Accumulation, Hydroquinone, Soil-rice system



