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1. 	 ~rt;t~ltJ~j f<x) =+1 a'lTyIJ FCl9 @:? -------------------.. --------------------------------(25%) 
x 	+ 

(A) 	JERt~&~W[i 

(B) 	}¥tfmrl,~z;'@filiJv~ 

(C) ~±~Ed!!tFOZ~t~ 


ro)ffi~~fu&~~WT~~~~*&~~ 


(E) 	 ~~t8~ff~ 

2. 	~* f 7U' ~r~~ fj?-------------------------------------------------------------------------------(I0%) 

. 	 X-SIDX 
(A) Illn 	 3 = ? 

X40 X 

\. 	 f;+3-2
(8) un =? 

x .... I x-I 

') ~ . - 1::/,;7:1 	 r ''hIJf± " -I.:- ') -0J. oJ\,'j\.PJ'F 	 '7 '!ii7t::r:',- . ---------------------------------------------------------------------------( I::> YO) 

(B) 	 fx.1lnx dx 


dx 

x3 +x2(C) 	f - 2x 

4. 	 f\rn[§lt1~x2 + y2 ::; r2 ~X2 + Z2 < r2 (r > 0) ILffifEl-X' (A)~~~~HfQ 

·§~.i:ErJ "cu t~ (%-~t'~f~ . ~D ) ; (B)g~;J(t[jlctWi~tt~*~1iE ~j(Bf:JJmfl?-------(J 5%) 

5. 	~jCf)iU\AN bB 'tL~~'&'~*7G::r:( ? -------------------------------------------------------- (20%) 

(A) In(1+x) 

6. ;J(iEtI11f!Jffii Z = x2 + y2 fflPf[ffi z =2 fEl-x '(A)g1f~t8iEt}jzr0 lID 1JW 

-+ 00 f1J .<~~±!J~ ; (B)~;J(~mrl&t~cp ~®F8imfJ! ? ---------------------------------- (15%) 



I. Glycolysis 

2. nitrification 

3. pathogen 

4. cometabol ism 

5. biofilm 

6. eutrophication 

= ' Fo~~fm(70 ;r} , 10 )1lfm) 

I. :jftDFnJ;~DFnJ~fflrt,R, 2%Z-~HJ£ ' f~l:f,zD~;ffitN EJ 70'"( , ~J~ t,( ppm JZ !1g/mJ 

=E:. - -i=l- 'Ell! FlY 
~< > \ /~/M' }3f 0 

2. (a) 1or~~ § El=r~-';Z)z ID ' ~G 0 1,,6~H;C , tfr~1JD~5t 0 (b) t%mhof U#i -w U-t ' §j:~mf$§Jl 

Bf:l pH 1~.:f,zDfoHi~~S;#iiiL:X~$ 0 

3. 1±}iff1L~'G!0/~ii 7:HfTB~' 1~rn7 I]jj§~~~ff ' 1ifrI ~~l.k ' M[~~HR ' UJi[ ~1fQj~~tf ' ?! 

*if#(Ferroin)~1U~:~~IJ ' §j:tFJ'ji11Lt}ill~~~ 1±1[}f.'l Ri1~ --~ 7:HfT I~ZJjJ~E)'% 1or {(t.l 

7Kt]t=m£ffl~ 20 mL' ~ 8 #ti5lil*tl#R5#if{~Z~Ji[~~5:2~~ffitf~ffij1lJ(J ~ 9 m LW 3 mL ' 

Trn ~Ji[~}l2~'iHY:Z5!N~ 0.25 N ' §JtFo'8~7j(t*Z COD 1i,R,foJ u 

7. ~g5lBJl±.t~1i:~JJ")~CP biostimulation!J7J bioaugmentation ·7-r:.%fDJ ? 

0 



*,PJT: ~~* 
f-4§ : 1t~ 

I. T 91J~ ~£l ' 1ar 1f JS] ~ .~-t #J 'it ? 

(A) ~. f\. ' jft.j , l4 (8) tr<. t: '~k;G , ~t;* 
(D) l,iUI! ' .::.. $l..1t~£ ' ~ 0~ (E) J.A.L "at. ~~ 

2. T §H& S 1ar 1f Jli '*" Jfl *- J} tIT 1t % ~b; fIJ 'g tit £. ? 

(A) 1i t1t 14\ (8) h 9~ .tt 7t. t1t14\ (C) {~h#: #-W. 7t. t1t 14\ 
(E) J.A.L tat. k 

3. 	 ~ 3 It;:. iL fIJ He PIT 1":1f fIJ !¥. -r ~t El ' ft~ T 71J1ar 1f-z!¥. -r Jjt El tEl *? (!¥. -r i: : H= I ' He=4 ' C= 12 ' 

0=16 ' S=32) 

(A) 16 It-~ iLfIJ S02 (13) 32 It;:. iLfIJ O2 (C) 32 0 JL en CH~ (D) 22 0 iL fIJ CO2 
(E) I2 It-~ iL fIJ H20 

4. 	 :f;iiT1i1-T OO ~~t2 f1J;' iMtUJt: ~t2~lt~2~ 50.08g' ~t2~lt1"rmttt;\{~2~ 51.25g' ~t2 

#It{t ;~ 7j(1l # 2 72. I9 g , ~t 2 ~lt1;-t~ t;\f~'& fill j'$; 7j(.ft # 2 73.03 go t;\ ¥ Jt f!J itt t;\fJ. en ~t 2 ~ 1ar ? 

(A) 0.75 (8) 1.84 (C) 2.53 (D) 3.55 (E) 3.63 

5. ~;lib. ~ ~ T ' ~ ~#. fIJ Att 'f ~ i.e ~ L.. en ~ ;. J} }jIJ ~ 8.4 g ~ 4.8 g 0 e. *0 i.e'iIt !f 11 W~£;fo iut t: 
PIT .fllA ' 11. i.e ~ L.. at)1- -r ;. ~ 16 ' ~IJ.L j! ilfdlt !f PIT '* fIJ!¥. -r ~.~~Ul ~ § )t'1@ ? (~ -r;' : H= I ' 

C=12 ' ~.l>1rlb tB 7 It, 'i'j 'h 1B;t1'l ~ -""IP);f.l '1lli. T l..; ;'~J iJL C-7 l.±.. ,"". ;f.l.'l.a 

(A) 1.81 x l023 (8)3.6I x l023 (C)7.22 x I023 (D) 1.08 x 1024 (E)2.75 x I024 

6. i~'J- !1.1 ti'\J7j(~Z~ cp a+fIJ;.lJi~ 400 ppm ' }!'J.Liil>j(~Zi~PIT1" NaCI en 2 i 8 ~t.jti.lJi~ §)-' ? 
(A) 0.092% (8) 0.117% (C) 0.92% (D) 1.17% (E) 2.12% 

7. 	 {E4T' ,- It;:.7t8f.J7j(. CP1":1f CaC030.OIOIt;:.JL' 7j(~Zi1~fIJ~t2~ I, }!'JJ:bj(iZik1"ioJflJi.lJi~§ 

j~ ppm? 

(A) I (8) 4 (C) 10 (D) 25 (E) 30 

8. 	 H20 -z i'~ ,n ~ 1/;' H2S ' I-t- ~ ~ 

(A) niJ! (8) J}1tt fJ (C) -h%t§!.-1r'l;t§!. (D) iliff -r-1i¥Jt§!.1''p Jfl fJ 

9, T §1]1t 1;- ~b; 1ar 1f1t '* fJ! tit Jli ;k. 

(A) H-F (8) H-Cl (C) H-Br (D) B-1 (E) H-At 

10.1£. 50°C 8~ • NaCl03;fo KN03 ' it 100 g 7j(flJiZMJi )j-}jl] ~ 138.5 g;fo 85.8 g 0 J1TJ-tf ~ i1fuJi KCI03 

;fa NaNO] , tt 100 g 7j(flJiZ-MJi )j-)jIJ ~ 18.4 g;fo 114 g' -!,(u*Jlt 50°C 8~' ~t~.L1jij-i'- NaCl03 ;fo KN03 
87 ie;fo iZ-;~ • J1TJ 170 138.5 g -z NaCI03;fa 85.8 g KN 0 3 1/;' 100 g en 7j( cp 8~ , Wf it ~t 1- 1ar ~i .f.t * ? ()j­

-r i : NaC103=106.5 ' KN03=101 ' KCI03= l22.5 ' NaN03=85) 

(A) tFf rl~ 67.4 g KCI03 (8) tJTI::B 85.8 g KCI03 (C) tIT It 62.5 g KCI03 
(D) tIT It 24.3 g KCl03 (E) {IT It 85.8 g KCtO] 

11. :f ilfu. T :1f - *ie;fo ;1[ ;} iZ ~ 508 g ) 't 11 /3'" - ~ iZ- ~ X ' JJ'Uff J:t;1[ i} iZ;& *J} ~ f L.. !f;J ~ ) ,~~~ .fL~t 

'f' :"!f;J:fFiZ-tR)j-}j'l1tt17oM~l! ' i!!l*£~.~t*-!'(oT : 

A: 170 ?A f:fF ' 1t iZ-~~~r- 4* 109 7j( ) ri!!:!p ,H·5Z- 11k I~H'l R. :f ~~ ) ~t lIt 1f 4 g iZ- t X .~t 18 tIT It . 
6B:170 M L.. :fF,it5Z I~ ~ ~t 4* 30 g 7j(. , [iii!:!p ~$f ;Z- 11k @] -IR. 1: ~lfu. . 1t JIt:1f I6 g 5Z- ~ X .¥.t 8 8 {IT It ' 

¥ :f ~lib. T ,5Z- ~ X it 7j( fIJ 5Z-M Ji ~ ~ )-'? 

(A) 20 (8) 40 (C) 60 (D) 80 (E) 90 

http:CaC030.OIOIt;:.JL


12. ;% -1'- Na2CO];;fa NaOH EI-J ifL1;--!/b7 J~Aj1}Jtz. 0.5895g H~ .,00 ' iZ-iY:'7}( 0/ ' Jfl 0.3000 moUL EI-J'MHiLi1i It0 

i ~! ~ r- ':k" E.. I f! ,- k ) 8~ , If] -t;- 24.08 mL .J(Ii( : f~f. .;~ ~ If ~~~~ eJ (pH=4) Et ' Jfl + _~'ii~t 12.02 

mL " -:t ~tt( ;~ 0/ Na2COJ ;l a NaOl-] ~~ ~ -It /J}~t 0 

(A) Na2COJ : 64 .84% ' NaOH: 22.51% 

(8) Na2C03 : 52.36%, NaOH: 19.23% 

(C) Na2COJ : 49.25%' NaOH: 27.63% 

(D) Na2C03 : 47.52%' NaOH: 21.44% 


(El Na2C03 : 39 .96% ' l\JaOH: 45.74% 


13. ~ {;& :i1t ~:th 'f 1'- 54 . 4%~~ , 9. 18% R ' $,-~ Ab -i\. ' tt1t1Hb7 .H: 1f.~ iJ!H;o :J}.:r i Ab 88 ' ~II tP; -6& R 
it i":th~}+A i:j 1ar? ( A) CZH40 ( B) CH80 ( C) CHsOz (D) C2H20Z ( E) C3Ho02 0 

14 . :-fl1tit. 5.23 g !Jo~.RA±-i\.;f.t.) !Ja~R.~~1f;f.t.~-&±Bi-*'i'Tf,~!/b7~ 4.59g ,t1(;idi-PlT-&±.fl.. 
Ryt~,-ttSTP$,-tt#.i:jY~'/l>1t? ( A ) 0.112 ( 8 ) 0.224 ( C ) 0.448 ( 0 ) 22.4 (E)U J:. 

t:rr -1F 0 

15. 	 eAoC;S) -j-02(g) -7C02 Ig'+ 94.0kcal; H2 (g) +11202 -7 H20(! ) -\-- 68.3kcal ; CH4(g) + 202(g) -7 

C02(g) + 2H20(l) +212.8 kcal ' ti~>tZ If J:Jt.z... 1. it~ ( 6 H ) ? 
( A) 17.8keal (8) -17.8keal ( C ) -50.5 1 kea! ( D ) 50.51 keal (E) J-:AJ:.~G-1F 0 

16. 	r 7H\1tm&&.J.i!#t~ , 1ar~ iE-tt? 
( A ) ;fA f\. 1t 81!/0 Jf ~~ ¥lit :~'N 0 

( 8 ) -i\.1t.:~:I{f.&.~ 0/1~f'J~.:r ) ~t ±iSJJR&.J.% 0 

(C) -1f .fdUh±AEr.;&.~-Jt~fl1t&.Jt 0 

( D) &.'1. 0/ ~ -t- 't + ff.; ~b7 ~~ R 5A.1 t .j!flj 0 

( E ) J-:A J:. ~ -1F ' 

17. 1t$&.hl A . B+C-7 A!/h' r7 IJ-='@l-Jt;:J}JJH\(;fz A, 8, C .z_ ;,~&r4t1t!4&.fl.!t i!+ r r~1t~~1,* : 

[ AJ 	 [ 6 J (C) 

18 .l-h(g) + I 2\g: -7 2HL g) , 6H=-4.1 kcallmole' ~'l i~Ji (T) 1t~ ) iEii&.J.%i!+ ( r ) ~1t, J-:A 

r 71J1ar f~l.*- i; ;~~ 11 ? 
(p ii:;. J1. ( 8 ) J1. ( E ) ).'). J: 'g #: 

T 	 T T T 

0 

http:17.1t$&.hl
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19. 	T 71J1;r n~ i~ -ifoJ 't ;t!:, #1 id'i ' 10r ~ if.. ~1i ? 
( I ) 	 ~i!4-&-i~-ifol>f..J-f-'t;t!:,fA~-Wi-0l' 1c)!H~Aa KN03(aq)' ~L~.J.l!· 8~ NOJ- ~tt i~Hi.#J/] 0 

( 2 ) 	 ;?t 't ~,fI tf i~ ~ -t y if J;g /Jo 0 

(3 ) 	 ;?t t tt +B-Hi ' i~ -ifol 't ;t!:, fA 't It 1JJ fit 4:t JOC fJJ ~ I 8~ fA tit 0 

(4) 	 ifol -f t ;t!:, 0l ' ~j[ -f ;,tC~ ;M A ' ~jj E-;tJr;~ 0 

( 5) ~ t.fJ J/J ~t4 i! ti tiB 100 t i~ MfA 't:li 0 

( A ) ( I ) (3 ) ( 5 ) ( B ) ( I ) ( 2 ) ( 5 ) ( C ) (3 ) ( 4 ) ( 5 ) ( D ) ( I ) ( 4 ) ( 5 ) ( E ) 1-''''' 1- ~~ -1 F 0 

14N20. 	 l-:!- cdll-f4i~ilm--ft~ 7 ' }t-i-p; &.J.l!,ormT :AAziT-: 
a + 714N -7 0 + P ( a it 24He ' P it ~ -f ) 

~1) 111- fA 1cm- -t i-t it T 71) "jJ~ -,fi ? 
8170	 0( A ) 	8150 ( 8 ) 8160 ( C ) 818 0 ( D ) 8190 ( E ) 

21. 	 &<\M ~:11,j~-tQ§1t%~bJ C6H 5CH2COOCHJorffiT 71)1or ~R~bJjt~§ 1t,i± ? ( A ) 4(GBt~'~ 

( 8 ) 	:¥., ri} ~ G ~t ( C ) '*-~ G ~t ( D) :It, ~t ~ G ~ ( E ) l-:!-.l.- ~~ -1 F 0 

22 . 	T 71J:11 n~ *- 0'" ;1J:. id'i ' 1or:{j 5i ~:F- ? 

( A )	 *~~or~~~~~~ ~hE- ° ( B ) :f;lIr\. T 1f&.;Z-~ 7~ , 1~ or ;Z-~ NaOH tf 0 

( C ) 	~ fA 0Hi H:, ~ J~ 0 ( D ) or m~%A ror $jf ~ "t 0 

( E ) 	 l-:!- 1- ~~ $Ii. 0 

23 . 	T 71) 1f ~~ &.~. M;1J:. id'i ' 1or:{j if...tt ? 
( A ) 	H 2 -Z~Jfj?!.; j!~ H20 ~Jf1-AM~*1R~~;,t 0 

( B ) 	CO2 ~Jf1-AM~ 4: 0 

( C ) 	c (S) + 1/202 -7 C02(g) ' ~H=-IIOKJ ~~&.J.l!Mor ,fit~ CrS) ~Jf W;1R:.M 0 

( D ) 	NO (g ) + 1/2 O2 -7 N02 ( g ) tt.&.~. 6 H or~it~ N02 ±AM 0 
( E ) 	 l-:!- 1- <~ -1F 0 

24 . 	T 7 Hor &. J.l[ t- ~ It .Y,@ ~#r J1i) 1R. 4'-mfa) ;:6 l~ fj; ? 
( A ) 	N2(g) + 3H2(g) ~ 2NH J(g) 0 ( 8 ) N20 4(g) ~ 2N02(g) 0 ( C ) HzO(g) ~ HZ(g) + 1!202(g) 0 

( D ) H2(g) + h (g) ~ 2Hl(g) 0 ( E ) l-:!-.l.- ~;,IF 0 

25. 	 T 7IJ~~$ , 1or~ ~-=-.~&~ ? 

( A)4-'£-I-~~ o (B)2-'£-3-~~ o (C ) 2-'£-2-~~o 

( D ) 2 - , Is. -1-~~ 0 ( E) l-:!-.l.- ~~ -1 F 0 

[ 



2HI(g)' f-4ij8:tiJl'H1- H2(g))j-~~ 190mmHg' ti\:>tdt&.ft.1t~f-4ij'*:tt (Ke ) ? (6% ) 

2. ~ ;lfrl. ( 500 °C ) ffiJ!r1'Jtt±.nXr1'Jffli ' Gj;ok-m·&.~· ' }t&.fi.i,*:tt ( K ) ~ 6.7 x 10-4S-1 , J.~.~1t 

fJJ-¥cJ i.tJi 0.25M ' ti\4<. 8.0 mins 8:t$,.;.tJiti (M ) ? $$~1t{i~$$HJ1'-A' ~4"~ar (7% ) 

8 ( 6% )3. G *'o 0.01 mol/L laN02 ' ;Z-iR~(H+]=2 . 1x 10- , ti\tt ~ : 
(I) N02- ~ Kb (2) HN02~ Ka (3) NaN02 ~Mi1ijrJi 

4.11 O.2mol111i't ~bJ;f0 G.4mol e0f\,l.'v{u;tr",'Z-E CP #!dk.1t;i~bJ~ C0 2' CO;fo H20' ;i~bJi!~ H2S04j~ 
i: 10.8 g , 4i!~ 1l ~~ CuO 1c)j.&.J.i! it ' CuO ;,fj\*!i T 3.2 g , J\t it tt ~tt 1rJ!i&~,k; ;9( 1(. ~ 'l& yt ' 

( 6% ) 




