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Abstract

Some research has testified that the incidence of biology ill,break and abnormality have
ratio to the use of industry waste water . With the let of waste water, there was harm to human
being’s health and the environment in the world. Phenol compounds were used widely
because of their broad-application.But they still have strong toxicity, were steady in the
environment and they could stay in the river . Therefore, the analysis into their persistence in
the water and the soil was of great importance.

Solid phase extraction (SPE), as a sample pretreatment technique was developed in the
recent years. It had the advantage of analytical speed, simplicity, low costs, safety, no
emulsification, flexibility and high preconcentration factor, and was used to separate and
preconcentrate lots of organic analytes.

This article totally described the development, principle, performing procedure, devices
and the factors influencing process and recovery of SPE. Its applications in environmental
analysis were also well reviewed, Furthermore, the detection methods and its trend were
summarized. Finally the new techniques of solid phase extraction were outlined.

The main conclusions were as follows:

1. The best chromatographic conditions were UV detection wavelength of 275nm,
mobile phase of methanol/water at 45/55(v/v), mobile phase flow rate of 0.7mL/min, column
temperature of 35 °C, the column used was ODS, were used to determine the nitrophenol
compounds in the environment.

2. 3M Empore 3mL C;3 was selected as the best solid phase for extracting trace
nitrophenol compounds in water samples. In addition, most of the influencing factors were
studied and optimized. The result showed that methanol was the preferred elution solvents for
the absorbed nitrophenol compounds. When the elution solvent (1.5mL) was selected, the
variation of recoveries as a function of the volume of elution solvent used can be determined.
The addition of 2% methanol into the sample prior to spiking could greatly improve the
recoveries. The flow rate of sample loading was SmL/min. The PH=2 had influence on the

recoveries. Meanwhile, the concentration of potassium chloride in the water was 5 g/L.
What’s more; these were discussed in the theory.

3. The degradation of the nitrophenol compounds was investigated in the water. The
results showed that hydrolysis of the nitrophenol compounds depended on  the temperature.
The PH=7 had influence on the hydrolysis. The rate of photo degradation in the water under
sunlight was very slow, when acetone was added, the rate was fast. However, the rate of photo
degradation was much faster than those, when it was under UV lamp, only several hours.

4. Research on the adsorption of the three nitrtrophenols in four different types of soil in
Changchun region showed that the content of organic carbon was the major factor of
adsorption in the soil. From the organic carbon adsorption constant,p-nitrophenol had
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middling transference, o- nitrtrophenoland m-hnitrtrophenol had low transference, and these
showed that they had worse transference in the soil.

5. In the analysis of real samiples such as surface run-off water, Solid phase extraction
technique enabled the elimination of matrix interference and the work was possible.

Keywords: nitrophenol compounds, solid-phase extraction, high performance liquid
chromatography, degradation, adsorption
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T, BRARAT TR AR A& RN T AEA RN o LR R, I I e s i
ARBEI EEE T A VBN EKERK 4 # AR HER M EED R A
AT PR, AR R BNy R M AL K- LR R D BT R 4




S RHEAFYAEEEIERHMAEENE
2.15|=

BRSPS R AR — SR AR ALY (R TR SR . XTARZRM) k). B 24 AN AR 25 (1) FE 2 o fa) 4,
FEEAN A P R S IR T A LT mg / LRI, XS K AFReRENE, WA
AR E R B KSR E T R TR R —REHRERRLE Y. B
AR RIS, EPT T, depl R 255 M TS R A, RE5 (R A5,
PRECFSE) 0 R A TR L 0 —E YR H, XTREMN . ARMEmE R
Bl R AR B AE ISR, MO8 HAEEHIE. K. BRSBTS
Bh ¥ TR AR R A

H KR AT 5 42 B2 WHRERBCG LN E A, A/ UE IS
O B S MIABUE o (BA% SRS B AR €00 vl 58 7K v IR B 1 I 3 AT A fhik
IR, SRERB R EZER, FXORR THEBEAMENT S B L EE, VIS5
I, o SRR (0 T I o PR SR Y S T i, FERAT AR AT — R 1) B il 2 K
Hug / LRI S0, B TIHRE KT RMmEYRINE, 554 AHE.

2.2 LRHES

2. 2. 1 EENUSRSEA

[C-6A BRGEMHTOE RS (HADEEAH) . S LC-6A & EHFHER,
SPD-6AV ZxHh-7] WG MZS: C-R4A BiEECIRALEENL; CTO-6A #TiE4H; SCL-6B R4
fEfilags 7125 SNIEBEAER GEIRZ)  FIFE (4. OmmX 3. Omm, 10Mm). KQ-2508 BY#E A
mitgy (R EXSERAT D,

RRAFZERY (GR, RIBTERRE AN TR ; BWERY (GR, BRI ) S E
foy (99%, LigAt2damLa T D  BFRE (Rglz, Jbatdbibmsamtb e E RITEAT) ;| %
B 7K o TE 7R ARK

2. 2.2 {0 &4t
fo, 5T . Hypersil ODS (200mm X 4.6mm i.d., Spm) ¥; BEFEE: 20w, FIA: HiE
/7K=43:50 (V/V); #WiiE: 0. 7ol/min; S5 A: 275nm: 38 :35°C,

2. 2. 3 bRIEE N &

EREAR PR AR Smg, BT S0nL FEMYP, FHITERAEME. SRR IR TR AE,
DB AR B R EERDGT, Ui o8, S kiR,

2.2.4 EBMHT
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s s R HIESR 27, B SFERATEMRRER AN G, SMFRZEEE.
2. 2.5 SZX PR 50 BH
2.2.5. 1 B RB W oA 0 2 RIEFE

S = PR F Y PR S TR 205-335 e A, &% 10 Dt T I 2 S A g R i 52
B, RN LE 2-1,

2.2.5. 2 Vazh AL RR i

LR B2 /KA R AR B AR H AT S Ve . 8 2 i shAH M ¥E A 0. TmL/min. 4 T ik
FRAERNBEECLL, SRR R KEIEEBY, U2 =FhhE BB bR A VR R B8
{EFUE AR

2.2.5.3BE K& m
FH RS B s AR pH A8, TEARIER T 9 =P A T pr vEE v vl B (R B {E R
1 T A

2.2.5.4 HiRFIEF
IEER EIREHT, M 25C-60°C IFEG, ER 5°C T — X =FbTH By bR vl 15 W
{5 B B AN IR THT AR

2.3 IRER5WIR

2.3.1 FERIER

MBS TS 2-1. Bl 50 ABREZEED RO [B) RE 2R M 1 R ORI I K B B ZE 205nm
KA, SRR A8 KRR IR 305nm A4, =B8Ry 048 o i K3 i Im
fE 275nm AoA . FRH/DT 210nm KK ETFHR, MaZ R 275nm /£ R 3 R ) 2 ik
¥, ﬂﬁﬂﬁ&wmi@ﬁ XA FHo

?5
'ﬂ]_
=~ %1
. B0~
X 55
S 7
— 45_. ] 4
,c"t .
v 4019 Py
I L : :
X . AR :
- Eﬂ— “_\ . .§3
5—4 E_" \ '5} -.-\ﬁ&
ey 1 Y L
E :.112: \l irﬁi“x
. 10 \ ?/’E/& :\
g g g \:::.\. r-l*"“!
0- :

= N K w%’\lrelength (rm)



[ 2-1 EAhEKE
1 RBHEHEE) (o—nitraphenol) 2 [EMEEE (m—nitrophenol) 3 XHEILEEY (p-nitrophenol)

2. 3.2 dshH 4 R

T SCERIR B B AN RIS Z I B ER — SRS, JFBMTRRIE Ve, MY
R, AE, AEGFEEAET, SUSREXRS. 3L FE-KECHmRaHH Bt
ITEHEREW, R T i alds, s EeisEaa, b TiHREA RRRE,

LR B AR R i AR A ) P B /K T L a 5 & (1] 2-2a, B 2-2b). A, —
AR, BEAEKHELWIRE N, AahABBRPERE X, PREE{EH 2R ER., HIE TR A
7], SRTEIEM RS R oK. S EEK S KT 50%, =& ARBEHISIr 5 oA
M, BERaIAET BEL/KIEL ], WEmAREE P B Z B2 LR KR, e
JE 4T S E A RS AT a s, R REMIIRE S 45%.

14+

g {1n 6 -

— 124

% 2_@\ B B S

+ 10- 9 .- ."x -

S . N\, X 4 .r____.-r....___.._f*-"l

.E E 1 [ ] - . ;: -;F'F.f’_._________

T | N e

E . \\.\.- % ...... -

I ° th N ch a3 "

?ﬂ 4 !== o ~~n T%:

Eﬁ 2 T T T T T T 71 ' = L7
40 5 %0 L Lt « 1m 4ID ' ﬁllfl ﬁlﬂ' ?Iﬂ SIO EIIII] H;lﬂ

P i@k & Concentration of methanol %) B B ¥ Concentration of mcthanol (%)
Pl 2-2a FIEFAR AT {5 IR Te] 50 52 i % 2-2b SESIKIE AU AR R
Fig.2-1a Effect of the Concentration of Fig.2-1b Effect of the Concentration of
methanol on retention time methanol on peak area

I S¥EEYEy (onitrophenol? 2 [ASZEE (m—nitrophenol) 3 SHHEEEEY (p—nitrophenol)

2.3.3 BRERIZ

WHRARYIRAAE ol HMWETE . BRER, WERR, BHIER D22 phyas v RN IG 3 2 p
V. AR Y pHE ST 4. 3. 4. 5. 64 7. EERIAHP FEEAIRE K 45%,
Al ter B2 T i s A/ oll 12, FARMNELE FNE —FPIEZEm bR s py R B E FUE
. BN T % S H RS A8 PH BAE3E, EE/KEWE PH N IRERE 2—8
2 I8,

i REM, WIEFIREETE pl B4 2~~7 BV F W 6 = FPas 55 1) 4 B (8 A0 g m
B KRR, X IEBIEILEBRETEA, BRERSEXN eI AR Fi, Wkigd
FA HBZ-/KAE ZAF Siiah A8, A i pH1E,

12



2.3.4 HERHIERE
g5 R, WM, REER]D, EEETEXTIEE AR AN K, A RET TR
16 R A e B i pY O BT M, S RRAE BRI S 35°C.

) -
;_*:5”_ 144

@ = 25-

= -’

31 =

1 £ .

g | B __..1 Cﬁ . e - . R

= ¢ 20 T - |

- » | - . N N

@ 3 - . - ’ :

e £ A X & a4 s -
o T . ». . ~em g 15
E i ;; l $ . - ﬁ"
BH ®- i
Tl e e B e e e B e S A m s e ey | -+ 7T —T——T—T
TT om0 ®m D 45 0 B @ 6 0 25 3 B 40 4 K 5 B0 85

AY Taparature (O HE Temperature (°C)
] 2-3a R NR B BT (8] B 09 K] 2-3b R AT AR B i
Fig.2-3a Effect of temperature on Fig.2-3b Effect of temperature on
retention time peak area

.......

2. 3.5 SEFRTEEKHERN E
U EREIELMET, SEUHER. REERAEEMRAERE M OTEE
2-4a) VLRSEBRAE R Rk Bt e (B 2-4b),

) 24
: 3 £
il N
i { U
il e
£ :‘% : it - |
_________ e 9‘2 \ . A L
B S ace - . .
! $ 7T w13 1 4 7 10 13
t/min t/min
K] 2-4a  FRAEEIR [ 2-4b 5 3% KFE ah
Fig.2-4a Chromatogram of standard Fig.2-4b Chromatogram of water
sampies sampies

1 ZHHE®) (o-nitrophenol) 2 [A[fEEEY (m—nitrophenel) 3 3HAHEEE (p—nitrophenol)
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2. 3. 5. 1 FRHE il 2R 125 4

IR EA FEE A AR R Ay . XA Ey . AN AR IR . MR IAFIREE,
Bl 0. 5mg/L-50mg/L. iKFEXTIEEIRIER, 2&mpriEiE:.

% MIF Peak Area(1h

1 T T - T Y 1

—_—
0 10 20 30 40 50
W ¥ concentration(mg/1)

14~
1E-J t s 3
: 2 124
4 —_ //
% 12 S - 7
o — | Py
L 1G- U:l /"
=~ . o 8- ra
- g — !
e <€ /
o 8
L
I'fj 5 ow 7
. 5 Y
35 4 A, ~
e 4 P
¥ J ~ -
g, X P
&4t . @ 2 /_/
—1 D—
' /
-2 I ' I T | T | T T T T - 0
g 10 20 0 A 0
—r 1. 75 1 T 10
A< )% concentration (mg/1) 0 10 20 a0 0 )
R JE conoantyation (mg/1)

Kl 2-5  BAHEEATH LS
Fig.2-5 Chromatogram of Standard curve
1 ZBAH3EET (o-nitrophenol) 2 [BIFEIERY (m—nitrophenol) 3 X HEE:E (p-nitrophenol)

2. 3. 5. 2 prAE 2 Fk Wi B

S AL R IR R R R A A 0.5, 1,04 5.0+ 10. 0. 20.0, 30.0. 40.0.
50. 0 mg/L, FHFE204L, DIURGWEITA (10"w AU) BRE C (ng/L) FATOISHT.
TN, SELREE . FRFRE, HXRBERNR (S/N=2) 5| T%# 2-1,

i4



R 2-1 ik e K il R

Table 2-1.Standard curve and detection limit

fiFi & By PRI s FES R AL For U PR
Nitrophenol Regression equation Correlationcoefficient Detectionlimit (img/L)
ARTHAEERY  A=0.2832C-0. 0121 0. 9991 0. 05
o—nitropheno]

EITEEEEY  A=0. 2989C-0. 0399 0. 9997 0. 05
m-nitrophenol

YRR A=0. 2579C-0. 1029 0. 9970 0. 05

p—nitrophenci

2.3.5.3 kAN B R Eg &

A AN R —FEf AT E 5 WK, tHEEABIEEE, B RSER, SR A6 r
HEIRZE (RSD) 400 4. 04%, 0. 71%, 2. 88%.

A7 AR B BURE AT N R R ue, T o IREE B E Rk ®x, WLk 2-2.
2% 2-2 MR P T LR (n=5)

Table 2-2 Result of rccoveries (n=3)

" " . — e T,

. * IFN o F4
7 EL A ISR L . {5 a
L | A g
Added
nitrophenol Original{mg/L) (mg/L Found(mg/L) Recovery(%)
)
TR o
&R {=pni 0.3229 (0.3227 0.3228
0.224 0112 J? | 96.1%
o-nitrophenol 0.3232 0.3231
B} AE 25 R 0 oy 0299502959 0.2998 99%
m-nitfrophenol ’ (.2991 G.2909
AT i A B 0.2992 0.3123 0.3028
0.224 0.112 ' ' 92 86%
p-nitrophenol 0.3128 0.3329

- I - eTF PO . N T

2.3.5.4 SEIKER T
NIRRT E, BT SRR REERG S . AT %) AR R
10.76 ng/mL. [RIEEENY 12.26 ng/mL. AMEIEE) 3.89 ng/ml..
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F=F BEEZFEFHHAL

3.1 3|8

A AH AR (SPE) J& —F4 A1 T B AR B UL AT 250, T2 TR BRI AL £ . oK
RENA TSI ER SENRFIGT SPE AT # g5, AR/ CBNEEEER#
Ui, M SPE &2 (7] B UEA T 2R UG 0 M5 B H A7 3. AT LSRN EER) . [A)
VRN . XA 8 B AR E Y, X R MARENOT I E K PRI EME T T IF 40t e,
CHE T & Fh A 2R (3 77 i3t RIS 2R T 52

3.2 EKWEkS

3.2.1 M

3 &l AR A ZE I A B (18] 3-1); 3M Empore 3ml Ci
EAGRAEEIE RS (HASFAH]) 1671-CHA BRI

SPAHFEEY (GR, ZETHERRS AL THTR P [RIGHEEN) (GR, BHRF) 4
Bl (99%, b A mAlR D BEE (R, bRtk B Al b ERE R SHEA T
SR HAK A EZEBIK. L (LG, JbRmFIEmb2RTRAR): AR (AR, 1t
HSWTL) ) LBANE (AR, dbsb T ) HWEH (AR, JbyithT)7); JEE (ALghEE,
Jestib T )y FAE (AR, dbIT4E T s sERRH /KA EZEIEAK,

TRTRT

=t

FHEEB /M LC-6A

¥ 3-1 B LR B DR E
| A KENEAD R (water vacuum pump) 2 3 (buffer bottle)
3 [HAEZ<HX AL (SPE column) 4 #EF4%E (glass tube) 5 B (value)
3.2.2 PRESTHED B
SCH B A T AR — PR L, (E RN 100mg/L, 1B A& RAE T k4
. gy B R EZRE KSR TR IR E AR RS 0. 56meg/L, 18 AHIERY 0. 496me/L, X
I35y 0. 48mg/lL..
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3.2.3 BAHAERBRIEDE
Co MATZEBUT BT VEAN 24 Se ] Smbl HESE YL Cow [EARZ MU AT IR, SR

HIWR, BN omb BEAMKEEE BT ZERUNME, CLAREE/NME, EEs, BRETIL
Y H H .

FERACTR: BE 20nl KFE(EAE FHCHIZSHT T 00 _DaF, A FORE il el 2R AT, 18
i A AR FH S B SRR HGUE R Sul/min. fe/AKFEEfEIEfE, A Sul EEIK
IFUEATE, H RIS gr 2 10 min, {ERFIN4E 73 EE7E SPE §F ;. 55 0. bl
HA B VE AR RS B o S AZ B, e R B AT A B

3.3 HRMIFIL

wwwwww

AT BRI A o AR BT RS, oA —ERE. SPEERD S
A ORI UL Z NI S, R — P 5% BARERET — SRS VD
B B T AR ERY IR, HEBRAIRM A SRR, AT Rk EHEERG R, Bk
FIAH > NBERZERCD TP RS, A Z MR8 A 3mlC. PR MEM WA A E
HAT TIE. B 10, 15, 20, 25, 30, 45. 40mL S AAREEER) 0. 56mg/1., NlIHHEE)
0. 496mg/L, XHHAER) 0. 48mg/1. HIBRHEZKBE 3R o A B DTy AT TR AHZE L, 1 e S0 A
ke ., FRERHE (E 3-2), SlRabl 5% RHR, SEEBAEXR X —KBEFE K
Fon a7 &4 2omL, —RMAEKPHEER ST ESFSEHIGKE, TURITESFEMSE
73 25mL,

120
]
1004

B0

60

40

(MY Recoveries (%)

20—

1 v ] v I T | L | T L T 4
158 20 25 an 35 40 45
A Yolume (mL)

& 3-2  {PEFEXT [Nl R E S
1 HHEHER (onitrophenol) 2 [AJAHEEY (mnitrophenol) 3 TINIEERY (p~nitrophenol)
3.3.2 HeHRWE I

AT VTR I R BT AEDGY LS, RS AMBERERRE R EXE
B, EAMFRERE, ERAMNEYRE. IH. 4. 2B onE. PUEsm. 89

17



BEAUAS L, EATHRIRE AL 2 1 &8 AN (LA 3-10. oAl W 4y 3O 1 A2 [
FHABGT). FIG, ERE AR E MR E B2 B E. RIFSITTNAR, FEEF—
B 3 HIC IR B RS 3 M e i B O
£ 3-1 AR R TSRS A R

FFF PEAGIRE (e ) et (P7
.7, >0. 73 6.2
K >0, 73 10. 2
" Hig 0.73 6.6
2-TARE 0. 63 4,3
e 0. 55 5. 30
7 | iE 0, 54 3. 00
M 0. 50 6. 20
N T 0. 45 4. 30
WA B 0. 43 5. 40
SN 0. 39 4.50
0 TR i 0. 35 1. 20
TR 5 0. 32 3.10
A 0. 31 4, 40
T 1 DU 2B 0.29 4.40
FOK L BE 0.29 2. 90
PN 0. 27 3. 00
E1P:S 0. 22 2. 40
LKA | 0. 14 1.60
M 0.03 0
ke 0 0
11 2 0 .06
1S} 4 5 0 0. 20
- T 0 0. 06

DU AU R W B AR DR DM EEREE, RATFE., 282, 208, &
B, ZERZHMs. DUENENG. 9% REERIE AV, 5 2 e AT i AR R PR
®(GGR3-2). AN, MR AHER WML, SENAUEHARLRE: ZFENR

18




Mtk R, PEAESOR % MR PR/ 28R S BE M DY SR PR RO B 22, % 183
CHFRMEARKIE A48 en 53, BATIE SR (E 2 LB BN B2 VE A BERE Y -

T 3-2 VR B T R (%) Ry RE

9k Ffa 1) LU H 2By (A L oy X i Bl My
Elution solvent
EP i 08.12 09 4 98 .2
Methanol
Z. i 08.04 96.80 05.02
Acetonitriie
DO & B 90.98 53.00 82.00
Tetrahydrofuran
.08 2.8 88.84 79.71 56.09
Ethyl-acetate
) e 82. 64 81. 51 60. 09
Acetone
Vi 92. 12 97. 20 88. 10
Ethanol

3.3.3 B HNAHERNE N

AR PIMEA

B AR AR A A VR, 3

& FATTLAA FERFRE) FHEZBE R 7

—FEdh, M 0.5~-3.0mlL, &3EhN 0. ombl PEMRFITE —EE ., &5 (& 3-3) 0,
PR FIRMERR KT 1. omL B, BE G 3L IR 70 4 [ 38 hn el iy 22 4 2
TR EEVC AR AUATR A 1. dmL.,

19
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100 4 ! e

Aomee———— P T T e TR
02
—_ 80 —
¥
L
ot
. 60 —
.EU
—
2
L&
wr
% 40 o
’E‘i"
E[ 20 -
0 v | T I ! ] ¥ I ! I " |
0.0 0.5 10 15 20 25 30

FH W5 Methanol ( %)

B 3-3 SRR ARG TR R
1 ABEYHEE (o~nitrophenol) 2 [A]f5EE; (mnitrophenol) 3 XHHE#:Ey (p—nitrophenol)

3. 3. 4 P M EA PR B e RS

ZICHRE BRI 3 e e [ AR REU ) — MR AR . ki (e, I ER KRR AL FEHT(a]; i
i, WIRERSREA B S AR R AR AR, BEURTE, AR RK.
FEI T LR AR HOE, 484 1. 9 104 154 20mL/min, ®F5T T ANFIAIE &40
a3 R TR AH A B HTL 2R
E 3-4 FETLLE £ My 1. 5. 10mL/min BFAIBPIKEZEL G —2,
MO 15mL/min AU 20mL/min i, PEEFEMIEM, RAEZEDUEDRE DI T
W ST, RV 4 B T AR AR MR B o 2R e B AR IR R R
% 5mL/min, LB HARZE RO RES, AT A By iRIARX R .

120 —‘

100 -

00 g———#—:f!‘h:"‘:‘;—-———l-——-——_-_—__I
~ T T T e 1]
‘a"? . 5 N e — i
5 80- B
7
=
o}
s
o~ B0 -
:‘:j 40

2':. f Y I T | T i Y |

i 7 Flow rate { wl./min )

X 34 PPN E Y R
| BUHY Y (o-nitrophenol) 2 [EMAHEEY (mnitrophenol) 3 ¥THEE:Ey (p—nitrophenol)
20



3.3.5 /{Hl

S 771 £ N 50 [ s € ) S i

dRue R (B 3-5) JT4, RKEEER A BEE VLSRR, w0 e DR R
FRONBEEE . KRR, MR ARREEE AR, Cuw RE X EHWE T BRI KM,
MAEARTHEEEY . RIS EY RIS I SR A 2 B2 20338 . BFF _LAFRT, WACHE F#sin F iz
SR HAAER, F CVESHRINSA — BRI NERER, ot Cy REAAKSN

TR R B K A EH fRE . BAh, ARl

RIBIDAA, & AT AN SRRy . 10l

RIS I B /RS A R RS RE, WTTRED T EA 1A G e L ROIR Y, 1XAR,

A2 B B e Y F
C U ST, (R E

£, Wik AREK, REUCET .

n
100 — gk
T 5__—:“_____._%___. 1
5w . e
s ®
- 2
Qa
" 604
=
L
LA
L
f ot
40 -
] 204
Q T T I ¥ ] ' I ) ! I :
0 1 2 3 4 ®

B EY Methanol ( %)

P 3-5 AT AL P10 [T i %4 1Y) 52 0

TR N RIR AN 2%FEE A o, BERERUEA K EIKIFTE T 4EFF
LAEYE, SLREERTS B AR RURCE . AL R D 2 e

1 ZFAEHEEEY (o-nitrophenol) 2 [EMEEM (m—nitrophenol) 3 3HEEE} (p-nitrophenol

3.3.6 pH

=itz

pH 8t 2 S W AR ZE I 3 R B2 — . B B W R pH 7 2. 0~7. 0 Ju W

X A e DRI e (R 3-3), MRt EEM Bl M Teh . SR, #
FCAY BT FEE o TR B ) o [ R SR B R, i DA g I 55 R T v ol {E.  RDW B3 in
PRV &HT (pH=12.5) HEE, UBEBERENMEFRAEL, FARMMRM, 1M
T EWE M, MEFBRMELEFT (Ph=2.0-3.5 £4) LT #ES THRAFEF, HiK
PEok, FHRAHFER RA .

21




2% 3-3 MR ERT ORI DB R R

PH 2.0 3.0 4.0 5.0 6.0 7.0
SR A iy 103.2 104.2 98.24 08 08 90.56
[y A R 99.5 99.42 96.5 93.2 90.4 81.5
AR R EY 100.2 101 99 92 90 79.71

3. 3.7 KHE B o B0 [P WA 1Y 5 el

JLLER RN BT SR S T oRE, [HoraEnZ2 FRAERE K, BT A
TR, FEEE KC1 IRERIARIGN, 2R
HOe S BT R (Omol/1KC1) MtE, HIE ARIFELF®E . 152 KC1 Bl r

[R] 3 B KC1 X R< U & W 5% W,

ME

Pt i, 29/ DY ORI, I KA EM A, Z8%RE, ARIER KC1 1 RER
FEH 5g/1.
7% 34 JKEE T sm BB MO IR R EY R R (%) 1R
0 5 10 15 20 25 30

KC1

(g/1)
A1k By 98.12 101.2 07.63 96.67 06.45 94 .6 Q4.24
GIEEE=A 990 4 99 87 08.9 08.20 97.89 95.34 94.7
PR =P Y 0.2 99.57 98.00 07.56 96.27 94.57 93.33
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SME RiEXT =#aEEE YK AR,
TEREFFIERT 5

4.1 BIE

B AL G VIR A [ ER35 o 5 B PR A 1 68 2 8 HLAL & W3R8 % £ R 4 /P — T AR
NEEWRE, BVEYENKERE, KRR R ARSI T E =
O TN S AL, X R 2 B AL S W2 B AR RIS S S 8 SR K AR
FERUR S 758 IXLFRRAR - XS FAN R BBEHIEE KR 13, KEEHH
CE) . BIE AR RN E VA SR RBEAIT N R LRSI, Fis
LAY TRRERNF AR BT RN R, HUkagsd, &
HRPEALT, FFRDHAKE, MTHAEWANSEEE. dTHED, —BRALSXEHT
WIEREE, BRTAHMFERNE FE DTt Bk, N TIEMEEMITRIELse
fh, IS HAEKAREDPIATA . BEE 0 VEMN. AXWR T AMHEED . FIHER.
XTASERAE KT RIZK R ADCRE A2 R LB 7777« pH EANR R ACRE N, A5 = Ff
THEM RS KPR IBRIE T 2%,

4.2 WS

4.2.1 Ml MBS SEELAE

4.2.1.1 #Hl

PAHE (R, KETTERBFAL TUIFAT) AN (CR, FHERAI D) 30
ALy (99%, B =i FR) ) NaOH (AR, JIEEZHERATE A R L4 NaH,P0,. 2H.0:
(AR, AL 4L B T ;I8 K HEFREK.

4.2.1.2 %38

LC-6A BRRMHOERSE (HADEAA) . G 1.0-6A FIEBEHHEI%E;
SPD-6AV Z4h-r] AR INAS: C-R4A EIEEEIRAIEHL;  CTO-6A FHiE4H: SCL-6B £4;
FEEIES: 7126 NIEBEF R CEE) . TitE (4. 0nmX 3. Omm, 10Mm). HH-2 €1 T4EIRK
e (ERINEIEEE] D SA-T20 RTERFE T, BWNRAMERTEIT (I EERR).

4.2.1.3 BELHE
% AT Hypersil 0DS(200mm>X4.6mm id, 5um)#%; FAE (4. OumX 3. Omm, 10um);
MEIAE: BEE/K=45:55(V/V); Wik 0. TmL/min: AN A 275nm; #7851 35°C,
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4.2.1.4 BWHRNACE
AEFRFRI 12, 6mg ARTEENY, FAWEEET 25nL ABH Y, B2 501mg/L B <BiHE
[AFrRE: RS
VERRFRIN 12. 6mg (BT ALE), FIHEEE T 26ml. AEMT, 53 504ng/L FIIERHILR
P
WERRFRT 12. 8mg STIHZEEY, A HEE T 26mL A&+, 53] 512mg/L BIA MR
FRAE B
BRus R KRBTSR 0. 45 g UERRILYE.
FRION 4. 1g NaH.PO,. 2H.0, ¥ T 500ml. Z848/AK D, SE 200l /KIS, BEEmE
B3 NaOH B8 HPO, ISR pHfE N 3. 7. 9. 12,

4.2.2 W

4.2.2.1 K#&

B TR E AT KBRS R, T ES8MERNFESE T RKE 30min, &
ANRIEHIWN, FP R SE A S AN, DU %R ER S8 R X KA
AU

4.2.2. 1.1 fE/[R) pH 18 T /Kf#
B — i E W AR R AR EY . (RS XHEE Y SR, oA A pH3 . pH7. pHY.
pH12 BIZE KB K SEA S 50ml, ARSI, BEREN 20me/L B AR FE IR .
1A BB MIE R A0CIBE/K P B RG, R, el E.

4.2.2.1.2 EARERE FKE

W I — 2 B AR T AL ES . TR R . WA RvES, M ol A 7 B97RKE
KRS S0nL BIARRY, BRI RN 20mg/L BER. BAIEREMMAELE 20T, 40
T. 60°C, SO CIHEAMGFAR B, &I, e kE.

4.2.2.2 Yeh#
4.2.2.2. 1 KFHXRH

422211 FTEHUKPILHE

WEY — 2 B QIATTH Iy . (W IEMY . SITHEEFRUE R, FHE AR AR A
20mg/L AOVEIR, B & ARV oL, i A 10nl HEATOGHE T, 7E GHRDLER
WEETES b, BT AR S e, M2 A PATH, RIM#EEREXTR,
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TEFHRE, WEHESE.

4.2.2.2.1.2 EEIDCEGHRE QS8 KD LA

7 4. 2. 2. 2. 1. ViESIT§ 20mg/L <BUHAERT . [BIAEFERY . AHAHEEEY 45 /K% 10mL, bl
AR C10mL/LD, 5mL ANHIONER, [A] biEp 3 GRS, R, TR, I
FEARAHAEY . A IEEY . XRS5 &

4,2.2.2.1.3 FEFAKFHAR:
20mg/L R EEEY . (BIREEERD . XITTHERT /KSR, F_ A, ERFETATIHER. [
TFEN . AHER S 2.

4.2.2.2.2 BEIMT B
B FE Yy 20meg/L ROSRIEAEEY . [BIFEIEEY . M ISE AR R A E T 45 iR,
A ZRAMT PR GY, ENERENE .

4.3. ZER5he

4.3.1 IKAEFKAE

AL BRI 2 T T DL S ETR R b R B0 — D EEAR, L
EMERFRRELSHIEZ A EEREL, TPk RNLZ LB TEREZ —,
XTI ML S A K AE P R B R TR LR LEXR.

VAL S PRI K —RAE S = 4 TUH T, B PRE G A MRLFIRK -
EVVGRBERIKER, [BE, RJ5THEE A0k, HEXM RN E Y
R EYNTE, BERGKMEZNIHFEHTE, REFIUEWKEEZ 1K
fiff oz R TR NS B

4.3.1. 1 IHER AR AKENE SR
B T AOKAT T S REA, CRE €& T, SHMERES AR
RS T HIKBAR DL A B B .
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i B A(C/Co)
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TR fiE FE
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e
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0 5 10 15 2Q 25 30 35 40 45 50

i m ¢
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—— 3
1.0 % A i
| A 2=
. ] —v— 12
D.9 -
0.8 -
—_
-‘G‘
ot
>3 0.7 -
L
i 0.6 -
:% -y
0.5
0.4 -
0.3 1 || 1 ] ] | | |} I 1
0 5 19 15 20 25 30 35 40 45 5D

B [ ¢ d)

P 4-1 HHEEr R METE 40 °C A [ pH B W2 TEAK TR K A7

|
al

£ — R ¥ il TS

N, =R EERHET KRR L 442,

—=—20
~-&— 40
O “—__ = 60
N -\’%:Eﬁi%%%’} v 80
0.8 - T h_'\.
~ 07 - T . —_—
3" Nt
<5 G.6- )
o \
= i
ot N ,
, D.4- i 2
B T
T
0.3 - e A
] v
0.2 -
0.1
0.0 ] r | T n | | | 1 —
O 5 M 15 20 25 30 35 40 45 50 55

B fE ¢ )
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—8— 20
—8— 40
7 s, R 60
1.0 T'\\ RS :ﬁ""'-u-.______h_ﬁ lﬂjﬁﬁj%ﬂi} . 80
. e .H““HHH
0.94 h ) M-H.'“"‘a......k,h Tm
' N T s T
ns - \_¢ S B | e ._,_.::'“"‘--.____.
D? - H\“‘_ R o i
~ - ’
o .
= 984 Rx‘xx o &
S - N
., 054 R
BN
T 04- \F
X I S
0.3 - ¥
0.2 -
0.1 -
0.0 B S R . 1 T T | | I ] )

I m ¢ dd

—u— 20
_'|' ....... & 40
1.0 - - 2 B0
"-‘._L _____ “--_______‘___H. X\Jﬁﬁ%% BU
0.5 4 ,h_#k.
"""" ‘-'-—:‘__""""--.____.
] v R - N
. 0.7+ M v R
o - Y
N
- -
- 0.5 =
" 1
J_L 04 -
& .
T 034
0.2 =
0.1 -
T T T 7T T
O 5 1D 15 20 25 30 36 40 45 S0 55

W el ¢ d)
Vel 4-2 Fg MG TE AN FRE B A /KR

4.3.1. 2 W EB FIKESL IR
IR 45 R, = MO KR R RSO — 2 S
dC/dt = —kC
F, CAHRNBREDPIER I ¢+ FRRBINERIKE, mg/L; k AKBEREE, 4';
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LIEMA,, =0.693/k, do SHEFEEFL LR, REERL®R 41,

:&4mwﬁﬂwﬂWMMEPM$ﬁ@?%ﬁﬂé%%
pH=3 pH=7 CDH9 pH=12
K 0. 0094 0. 0106 0. 0079 0. 0047
gﬁ t s 73.72 65. 38 87.72 147. 45
o 0. 9632 0. 9540 0. 9897 0.9747
K 0. 0086 0. 0131 0. 0059 0. 0059
gg . 80. 58 52.9 117. 46 117. 46
Mr o 0. 9679 0. 9943 0. 9674 0. 8658
. k 0. 0075 0. 0076 0. 0041 0. 0059
22 s 92. 4 91. 18 169. 02 117. 46
me 0. 9746 0. 9881 0. 9788 0. 9843
2% 4-1b THEEMAE N FHRR L T B A R T HON 1 R
2T 10°C 60°C 80°C
ok 0. 0061 0. 0077 0. 01536 0. 0277
gg s 113. 61 90 45. 12 25. 02
e 0. 9708 0. 9759 0. 9841 0. 9884
W K 0. 0053 0. 0064 0. 0122 0. 025
gg ts 130. 75 108. 78 56. 8033 27.72
41 0. 9807 0. 9908 0. 9737 0. 9793
" k 0. 0051 0. 0064 0. 0055 0. 0062
gg s 135. 88 108. 28 126 111. 77
meoy 0. 9870 0. 9946 0. 7894 0. 8241
T kKRR R R, SRR 1/ds t,, AAKIRESEM, BALN i r AAA
A0
MG LE R DA Y, AR R E LS.

£ T pH YO

dl-.

LFRIE ANy K AR

YL E T
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i, THALT R TR @il 00 T /KR B AR TR, SERHAEmy iR A By e 18 iR
A R RTINS, SATAEAHEL, ABRERRY A ERE N BRAE, KRR,

4.3.2 IKARGYeRE

JefdE A A VEAR R P BB — N EEIRE, IRAE X (KB R R
SR LIRS, TRER R et R,

NP ARA &M N, AR R =P B R B R (I 4-3).

JeiEAR (%) = (RENEARAE- R AR /BRI RIXE
X 100

HiSE g 45 SR, = PR By ST R T B ROV A 5 & — s F1 3 R

—dC/ldt = kC (1)
(1) AR 18 C,=Cye™™ (2)
Tk IR R E L, CoOARHIVIRIRE, C. o © BRI ZIR PRI
At (2) IR InC, =InC, — k¢ (3)

BRI 50%ET, BN C=C,/2 B B F5 I A1 R Y@ e |, Che,,, T, Wl ¢, =1n2/k 14
A TR EE AU (3) ZUEATIO A, RIMT B B F A A TR k (1, .

—m— 4
. —&-— |1]

90 -

80 -~

70 -

e
| -
L - '
- ,/' B -
" i
50 4 .‘j,-’ E
..r'f. -"‘l1
- K
~ -
-~ kS
-~

40 4

T (%)

30 -

20 —

10 -

B ) ¢ d)

) 4-3a = PrAr B E) 7L 2l 7K P ) St fid
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iR (%)

—— 4

100 ~ -
...,!;‘%F gTj_
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Lo
80 ~ #&f,f ./l
f_m // )
B0 - , |
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/,.’ ./ . i
,_x”" ) N
/ﬁ /:;_
40 - y e
s -
r - ,,
r"’” P #
:/ _,ﬁ\'?
2{:' . ',.f#"' . L
,f'f / _ &
0 - — | 1 | | T ] ; : .
0 5 10 15 20 25 30 35 40 45 A
| Cd)
J4l 4-3b = REFER(EFTK TP AL
100 - — ’E;ﬂ
o e e & i |.E_J
‘,-*"'#" /- e R;j-
- .fﬁf/ . L
P
e
-
-::;%!—
-2
NE
I ¥ ' . ] I l
10 15 20 AR

B 8] C d)

Pl 4-3c =R EE T £ P IR ) ACHE R R G R
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1.0 =

- R _x;:
0.9 w
0.8
0.7 4

0.6+

( C/Cod

0.5 -
ﬁ; 0.4 -

S 03—

0.2 ~

014

U-D | l' 1 'l

) ¢ h)

B 4-3d PG BB = S0 LR

2= 42 BEEM) ARAMT RRCIEE R L R

WRHFEED B TH A X i B Py
k(h™) 0.1824 0. 1502 0. 1908
t1(h) 3.8 4. 61 3. 63
r 0.9978 0. 9938 0. 9954

W

SRR RN KRR SRR I TR RS, RN T
. ORI BRI TR R0, ZEFE N ESE8h A HMTESAME TAEA £
NI o I B AR I RIS, FEPAE T RS AT A £ B, 2E5 0056 FAL 1A%/
TR (T S AR 0 BRI T B 200-300nm, S4EAMTTE UV K B34, X2 E)
AR EE A . TTSAATIIA M A9 KT 2000m™ 7, RRRESEEN R IS5
5 AP EEAMT I AR K o

FHERI LR, Tois RO TR, TREN L. AR AS, B2sA
FBRTT A A F RAR . ph Lh SR 26 BT DAt ZE KB I T, 7 000 S
[ROLARERE A AINBY, 7T LA th LMY A BT F K b ELEE R A, e e 4 3
FESCRL R, KRR TR R RPE AR AT 290nm, —EANERIR W 290nm Ll 1
SESIIRY, TEAAR E B L RIS AR MO RS RS TR 4 o TP T
LR T 2RI O PR RN . I, 1F 0 00T RN = EA AT R+ )L T A A

32




SRR, ETHER FLEAR 250 H MG R S & LA A AL R DL P HIIE

BROHERSY . BN T WKMAA R SefE R mxd L, ALK R GAR 2R EL 4K i o

fi Ao U BT K v 35 1 2D 2 SR SRt ik 2B Ty ) e A 5 R ) EE 7K 2N
TRPIHEEY K 2 HOGTR T ERGR, TR AR XA R > SR ALY > [ A .
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EHE 48 EX =HhaE B N 1+ IR A B 5

5.1 B S

RN R AP ER— R GER, IR SEEE XMt — . RAM
RN R T2 RIS M. 7. W BMPEY, HESETEREAEY FiRE
LEBITR D, KRB K AP R BN, HIREK AR L, 'n‘d%@*ﬁﬂ’]%{ﬂﬁﬁﬁﬁ’]ﬁ%"ﬁj
SO0f A AR EAE FURSLR o 7 o R ATERR D IR 51830, o T REBTEK.
LT R G aeR oL, 2P R 255 & PR AL W) e N i) B ZE B 4L Dﬁtﬁﬂ-)uf&
AENETHIBEE . EAME RN, RPN RANEZ2ENEEANE.,

TREERENMERR, KZyHALER, SA5 HIERTRMER, FER¥ER
RPUEHEAT T KRBT TES ™ Bk 27 DR s fmiE R, b EmRZ7EL
BeP I AEWETER BRI AR, RV RAMIEIT AN — DM ETER. S EY R+
o ZURE T, HATMA LB LIENRE, TASKREERBALERZ, 7
T EH MK W A B L D R A BT T A T AR
72 e Ml 5T P g o ) SR B 3 50 AT RASREWR X b 24 I TE R AT #5 %HZB’J
VR, BRI AT AL S Y BTG AT AN T 8D RIS 22—

PEATAR 252 M, REGSEERIMERE N H R E. RATEAABASE, &
AWK EGEM KM RZ M) MI2E, IR BB AT K M ont 7K 1995 4.
RAEEINEINEREN RN R LSRG S AR KRB R . FrLl R TP TR
fit 5 ah T g AT E ",

BT RN E MR, ERETESMREE. MRBERMN S TR T
B, WS B IR R 7 BN 2 TE A R B R R R i B e R R . R TR 25 )
T WU B YA e 0 7R TR B ) b R e AR VR BT,

:'UiILE I FALERARIREMEH, 4R A& AT ERE Tk T M E #9175

Gt MIRHILBER S, HEERRAEOAARZLEMBN—R &Y. HRAPEESH
FR AR, MR, HERNEERR. &SR E R LS, HME T

EIT AT T ARl A MRZER Fe t R E T3P IR AT Hg ., I 6 5 M TR BT () =2 i BRI 25 34T
T,

,Il

5.2 LHHARS

5. 2. 1 XA 51

LC-6A mRGEAH L RS (HASEAR); 60 HERHETR GINT L&) Hy-5 M
Pz s (FEEYID ; TOL-16C FHE G S OHL (LB R TRIFAES ) .

SREHEEMy (R, RyBETEBIRSAlE TS BIHERr (GR, L#R#F) )  WHiEEE
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By (99%, FHELFRFET D PR RaRy, dbatdbibaibE A RFTEATD | 5K
a6 H 7Ky 7R TROK

5.2.2 ﬁi iiiig

R 4 FLESRE B KFHE, BREM LIEL ORNT, WG, 60
B LR WAEE S, 3% (TIERNALSE M 7)) e REEA AR, 9
E LR WAE 5-1.
T 5-1 Wi TIEAIIE L R

i Al WA s ekt i

g R BROO S w0 om0 g TR

: - (%) ' 0.05~0.005mm 1~0.05mm  © = (meq
mm 100g)

1 WMEE+ 64.5 - - - 5.51 99.19

2 B+ 2.65 40,94 48.92 10.11 6.85 19.93

3 fFta gk b 3.30 21.12 37.28 28.33 6.82 25.34

4 Bkt 291 33.28 33.99 19.20 7.24 20.45

5.2.3 TIEW AL

5.2.3.1 ZERBRENTEA - 1344 B ey o) ) B 0 e
O 6 4> 50ml HE=R/AM, SR 20mg/L B % 10ml, 0.5g LkAER R 1
FE, FRAMIRS), [ERIEG S DAEIRE (25612°C), 27T 2. 4. 61 8, 10 /PETELC
— A=A, LL4000r/min HEE 4 10min, BUKE, HPIC-UVD MR & & .

1

5.2.3.2 BV PR & Byl e

FRO.5 T4, BF 50nl HE=FMD, aHMmAME A 1.0, 5.0, 10.0. 15. 0,
20. Omg/L AFTHFERY . [AIFEALE) A AR i Ao R VKM 10mL, FE VRS ERRE
T, fEEERIEEEE G FERIES (2512°0C) 12 /0. #HESHR G, B EERT
uE, FFLL 4000r/min BEEE L 10 20505 S S AGR AT B o AT AR REED . T8 B A1
FOMTHE A I B, (LW B A /5 I B AR b v B A 3 X AR RS FE Wy . [R) A A By FURT T AL
BB o R A PAT BRI AS S AT TERER) . (RIS My RN A ZE My 11 IS 6 B . A i
AN B SRR S A7) 1S A 00y R TR AR v R, Tk SR PR B0 e A2 T SR AR AL Er
JH) A 25 RO TH 2 O35 AR 2K

AR S M E S B TSRk B EE C, » TR HIERR Y kg
WK E C

Co =(Cy —C W /W (1)
R, C KA A I BEREE, v KRR, W R E R
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5.3 HRE5iTiE

5.3.1 WR-TH I [7]
B 51 43 T RIS . A AHEEEY AN IR E BT 4 F 8 L RgWR I I u] SR &80 /Y
KERA:

243
=]
20'_{ Z.'J-:,g?
18- B
| =) \\.\. ) - - _ 2l
16 Iz YA S =3
] 15+ 8 - . ‘ ‘
. e e - e
1 “w
“5 12 =
E:?’ F
10 4 4, 10+
2 3
8- | bt
G ' W - g _ ~—l1
. Sl B ®2 5
44 . d * i3
Zd
ﬂ r _I r I T I T I T _I_ r _I {] L) 'I 1 'I L) I 1 I L] I L] I
4] 2 4 G 8 10 12 0 2 4 & B 10 12
I (7 h) (&) (1
20—, -l
\\ i 20,
B e T : 1 7
] xl R 18 _f‘\,,‘\‘ A
15_ N - . . ._‘-——__
] & 16 - " ik S
14 1 - Rl E P 1
- - o . -
l “ . 14 - Lo e T T
E 12 \‘ _____ __m___“__,'....,_.,_.._._..-‘...‘_._.‘--..,._____‘3 i A N . T —_— ey .,3
~ ] \ _.d-f"’l_'-__'___'.q__—__"_. ] Ty 12+ - . - Co .
— 10 - E 0 ' ’ ek
2 . #
B # °7
6 - & -
4 - 4
2 2.:
0 I 1 T 1 i } ' 1 0 ¥ T T T ¥ ¥ Y T T T T [
o 2 4 5 8 0 12 D b 4 5 a 10 12
B 1) ¢ h) et [ (h)

FE 61 AP A1) S KA () o R dh 2k
1 ZSIHENY (o-nitrophenol) 2 [A4EHE:E} (mnitrophenol) 3 XfTEMEEY (p-nitrophenol)
HE 5-1 WL, =FREEE7EVOAb 238 LR, 4-6 /NI ] ATk 3R B
. TEAART, kBT AT, IR 24

-]

5. 3.2 FRLILMHIL
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el 5-2 =R RH BRI 3 45 88 L WR Rk

AS SR P AL B -1 35 0 s TR My 1 -

3 B - R FH R B 4 U 2

Freundlich R FFERT

1/ a4
C.=K,C,

",

lgC, =1gK, +nlgC,

(5)
(6)

- SRR BT ZR B0 524 A [ AH RS AR 22 8]
k. TEMELEDHE TR WM, & 8 H

AN, C P ERITE T I8 FRZGIREE Cugg™ ) C, ik B FE R A PR 2
n NTREIUE B, — B oL T 3 2k
WHEMETE 0. 7-1.2 Zin: nZETF L i, PR LR LR MR M 4598 48, n/h+ 1 1Y,

B B <rdla 28 A AR 2 IR B iR 2k . X AR B R T _ LA RR 25 B b PR AT e e, fgi )
K K AHAR A RAETR BRI — 1> 4844

WRE CugmL™ ); K, 4 Frenundlich Mt R4

TR B C. 3 AGH P [ i CL 347 [
L K, M Freundlich WPt &Er K., #¥ 1/n, S£RILE 5-2.

7% 5-2a SRIHER ) LB M S (25°C)

TR SRR ILRAER MR Freundlich TRPRASRIM, 4 B ISR MY E A T Y
J 77, R AHEIAE 4 PPAN A

- 3R B St IR B 3R

e 28 PRI PR AR EY C.=K,. C. Freundlich Mg AL C=K,. C.'"
Kd r Kf‘ 1//[] T
1 2 A 33. 07 0. 9508 48. 71 1. 2816 0. 9701
2 HE T 7.22 0. 9630 47. 16 3.2 0. 9766
3 FE AR L 5. 23 0. 9674 12. 81 1.6265 0. 9084
4 HEF 3. 60 0. 9352 8, 22 1. 645 0. 8778

2% 5-2b [JHEEI) 1) TR I S %L (25°C)

13 28 PRI PR A C.=K,. C. Freundlich W [y AY C.=K.. C.'"
Kd I Kr l/ﬂ T
1 HEE A+ 56. 27 0. 9360 17. 42 0. 5836 0. 8272
2 B4 |- 17. 96 0. 7809 28. 33 2.0157 0. 6624
3 PR T 9. 66 0.9516 20. 22 1. 499 0. 9636
4 {BET 4,77 0. 9392 38. 98 3. 2206 0. 9915
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72 b—2c M ASHE ) TR 24 (25°C)

A it L T AR A il T T

F}eundli'::h W E?Hﬁﬁi‘l l

4 2 MR B Y C=K,. C. |
£ 2 MR IR B A d CK. G

Ky r K. 1/n r
1 WA E 19. 62 0. 8796 54. 08 1.5207 0.8114
2 Ef+ 4. 76 0. 8340 11.43 1.1238 0. R775
3 IFREAMNR T 8. 13 0. 9427 2. 44 0. 634 0. 9507
4 VBT 17. 80 0. 9180 36. 14 1. 3468 0. 9750

W wy - P T i ainiiP i

F 52 HMEERETEN: HIBHBAN, RIS ENER. TEEIRESERF
K 1>3>4>2, WHHIUREWKMPREE. RPH r {81 R 804 5% KR 2 A
Freund) ich W [ 5 35 B8 (R I O F A — FPHEEAE 4 PP AN T W AT o . (RS
HEHUTULE H S MIEER K KM K (BN, SR AR, e
A ET T BNRE.

— AR, IEITRAR M EE IR/, FES S JWEALE B Z5 4 5 0
FXK. HEBRFK-TARTREE TIET YR KRN S SKT 7RSS, ERIHRA
FEIEAPUR S S amE REY, X3RN, HERTEEIT ANS HIEEYURS
BHX. WTFBVMHEDTERBSSEERIEA TIEFAE G, &ior & T F A
Freundlich W B /N5 B w35 43 2% 1L TR B A8 Y s R TR BE A 72 T 4R P e B 40 4 .

W b R s E LTS R TE K- T A RPITE ., HUMELRENEENRE. L
ER MR BREFRLIBEAIURE. pHE. $ilia. TIEATRESREE, MEIL Y
ER-FIBE RSP RM FEZESEIER, LIEFVRE BN AEWEA T EK- T8
RRHITAMBEERRE. OIRRY, BERALE FEN RSN LEGI R ELD
6] F 8% = I AH 3

5. 3. 3 T LB H X
W b BB ke RO T A& B IR SRF A B D o AR HIBEF LS & ZE 7 KA
W, AT g —HAAR HEEAMLS IR A, — AR AEE IR R K. KR
K,.=K,/1, (7)
A, f A LEREVRG 2. T K. EASHEERA LR, ZFERER—ME
R4S O SRR 4L . T LR R A IR R A, W K., QREEE/K
ECREO. S, OKEAEED . BOF CEMPRAER ) S MMAEMAH AR, fJhiEY
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5 5 P FIRSEAT R UEAT T2 #

P 5-2 P MR PN SRR et S L R 5 P 1B KAl 3R 51 TP &Rl r bl

Ik G EAAATS (), 3FHEH K. (B 5-3),
7% b3 IH =R A PLER WL B 3 %%

B i 2 ARIEE-2IH
1158 LBAEAEM (Koo (KL K
| R+ 75. 52 27. 01 83. 85
2 Hm+ 1779, 62 1069. 07 431. 38
3 fRBARM L 388. 18 612. 85 73.84
4L 282. b4 1339. 63 1241. 84
SEIE K. 631. 47 762. 14 457.73

LT AR AR M GRS B I MR 25 LR AT AN — N L E S, HHER
fit i 4 K. A 0-50 i, ARG RER “ERBaME” 2y, K. & 50-150 KA |
AR “REBEEYE”, 150-200 KA “HREREEIMEY, 500-2000 [F K “{EBa)07 P71,

B R (KD &, MRELEPRFESTR.
WRYTR 6-3 AT WAHHERESE “PHks)
BRE” . XA T = PP R 7F T3 P T B
lelling 5 (1971) M4nAh AT +IEEZEILN

L7, MARRHERY. [RHEN R
AL
FERIEER, R RLEAR2H7E I )

PESr 18, SB—R/EABEIN, MR LERESBIN. 76598, IRIEB3MERY
PEARAKICHES . WIARTHEER . AR E TH =4, SHENETH=4.

KPR ISESE L E R — 3, REAE TG HURB % # K. REVLEY 5 T1F
TR R ]y LA HURT M IRE 1, K BB, HS KIS S i M Ak
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4

LA TG B AT, S B BE R ARG &N TTE, BEAREET. R
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