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Abstract: The population growth, reproduction and survival rates of a rotifer ( Brachionus urceolaris) population were
studied in growth media over a range of pH-values (pH 7 —10) and different concentrations of un-ionized ammonia ( NH,-
N:0.5.1.2.5 and 10mg/L). The resulis that in the absence of un-ionized ammonia, the rotifers could survive across the
entire pH range( pH 7 —10). Both the population net reproductive rate and the intrinsic growth rate were highest at pH 7,
but the generation time was longest at pH 8. While at a favorable range of pH (pH 7.8) and at a concentration of NH,-N
below 2mg/L, the age-specific survivorship curve and population growth rates similar to the control. At a concentration of
Smg NH,-N/L, the age-specific survivorship decreased and the population growth rate a lot declined. Under the 10mg NH, -
N/L concentration, the individuals died in 48 — 72h, carrying no egg. When exposed to un-ionized ammonia at an
unfavorable pH, the population’s intrinsic growth rate was negative, its reproductive output dropped and the population

declined. The above resulis indicate that a combination of high pH and high concentration of un-ionized ammonia has a
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clear negative effect on growth and survival of the rotifer, B. urceolaris.

Key Words: Brachionus urceolaris; pH; un-ionized ammonia; population growth; reproduction

EEFRKE TR SRR B, FEE R ER R, KA 5 EREE AT s i FK
JEHIFLA IR SRR R B S5, A A" . B B Bk IR 55 T s B B Il o Bt
IARERRETEVERBFHRTHRBEE , WDKK EELMBN TR BERAMNST S ERABAAE Y
THREEZ ", R, EHRE R AN IR AE AL KRB E R, 7B /KIE b L B R kK
REBE S, AEIEARBRME, SEFRKEERERA SRR, BEEBCA R TSRy &L
HREFAFBOKEK S pH . EREKEFLUEFENE, AESTFENLAMERFE. BT N5
NH, 8, AR oA, BA W R R, A S E L 4 iy Bl e b £, B ERE ST AT NHY .
% pH TRAFZUFE RN NHELGFET KK, ARXEERWKEXRE pH B, RIER TR E T
Btk S TR, RSB SR A

BERKBESRAEENIIREER ., KT EERRENMRHETE, AR BFELE T, TR
H 5 R Z KA S = A KR EZIEN . RRHHER SIS S KAERE SR BEE Y]
R AR AN IR 725 pH ZEAERXHRAK D E R RE B R AR BTSN
Wi, KIS E BRI R AR B . 534h , ST R IR KRB AR S R E VIR B E A, A3 RE
KPR SRS H R .

1 HEE5FZE
1.1 BB REMBES

TR B4 3L ( Brachionus urceolaris ) BTT REFPHE B IRUBIRIR JRIR AL B H 88 R 2 2 R 715 3, IR TB R
B AR I — M (39°57'N; 116°21'E) o #8 MU 3R AR YR Gilbert”™ FRE . %0 IHBIYEFIIR (4% /1N 2R3
( Chlorella pyrenoidosa) ,$XVBFERE N 4 x 10° cells/ml; /NERBETE SE W IEF, HhIEH RS 2d BH—K,
0 AU NEREER SRR R RS A T AT, B BRI 14L:10D YR HRER B 2500 Ix (~50 pEin/(m’™s)) , 35
(20 £1)C, 42d B 1 RRBIEFW, HEMERVNERE
1.2 pH MIEREFR(NH,-N) BRI E

pH 4351 7.8.9.10, 724 pH &M TF, FEEFE(NH;-N)WEREDH8 0 (X HH4) \0.5.1.2.5,10mg/L,
NH,-N ¥ K $E NH, C1 Al pH 3845, 3% Emerson %' f9 AR : NH, (% ) =100/[1 + 10 ] Her,
pKa = 0.09018 + 2729.92/T(T AF/RICRE) . WLITE HAEARF pH Z4 T AR B FRITHIER FEK
B R NH,ClL &, F pHs-3c 2 pH 3+l %€ pH, A B HC1(¥KE 4 Lmol/L) FI#H B NaOH (¥ &
lmol/L) ¥ B R ¥ VA 2 Fr it i) pH ¥ B /5, NH,-N KRB BBEZ B € . 79875 pH HIJS , ELE T (ATAGO
i S-10E) M5 B3R BB 2 B84k, T LASEBRTE X — 3 A8 v 5 5% WOME SR 43 9 28 AL VT BE X 40 He 7= A Y
A
1.3 #lEmREENRE

FEEBZ AW E R R RN T 12h) , BESHRAMFIEEER. PEXEF WIS R
F 24 Lt (5 ~7 H/AL) , Se@ i SERk i pH FIHER &R E 12h, RSPk ™ MK [E 22405 BT 96
AR (1 H/AL) R ATy 0. 2ml/ 7L, $ B R R IR A5 0 /) b, SRR B Kb 4R e 3%
BEFREFE S, IHCR TR BEFEHEA R T8/ NRE R BT LB R, 4 T 48 80
KHE)/DEREETE 3000 r/min B0 10 min IR EURHMABRBERB P, BN LRAHETER I A
HE,

1.4 MASEHITE
wHMEEKSHNHEARNT
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FHE(m,) = FIER(L) = n/n.

,. 3 Lm,
R (R,) = 3, Lm, it (r) = S
MBLEE B (r,) = zlm -1 HEHEKR(r) = InRy/T

K ,x N ¢ 8« R (EH « ) LUSHEER; NS RIIENEREG n A& RIF R EE A
E,

AICEBBIRG— R spss 11. 0 it =M HT A, SR PEHPHESAFHE + mER
27278 (Mean = SE) , ZE3E— B 3EATHHE 7 Z 6 , S5 One-Sample Kolmogorov-Smirnov Test 1 35404 & 75 #F
AIERS , BX pH IEEX PN BERETWER B Z 40k ks pH FI&R8 8 B 38 BAE R8s
mREBE, REHRERTE5P(One-Way ANOVA) ,B7EF—JEEFEWRE T , & pH W EAHH R 2
FREBLE, IFBEHE S-N-K( Student-Newman-Keuls ) & S #1722 35 {E 0] B BCXT HEEE . X Fl— pH T, A
B TFREERME THSHBIEER AN B EETHE, BEHKFERERN P<0.05,

2 H#FE
2.1 AFK pH MIEE T Z2KENERE B B EFRFERE  EHENE W

AR pH 1 NH,-N K PR E B R E FREE RN MR LE 1, BXRALRERTLLE
2 RE B AR pH A& 4F 40 pH 9.10 B, FpEFHFIEZEL pH 7.8 M4 T WAFTERE (12 ~ 13d) &
1 ~2d, HIEFED NH;-N F¥KE AR 1mg/L i), pH 10,pH 9 B TE BT E] (10d) HXTHHRA (11d) 4558 T 1K
1d, L3EFWH NH;-N B¥RE AR 2mg/L B, & pH 28 T W7 TE B [R1ER 43 3 L X R 448, 40 pH 7 FIAETE
BRI (11d) T X R (13d) , Z3EFFW P NH,;-N ¥R B 53] Smg/L i), pH 10.pH 9 HFIERTE] (6d) H X
SRR —2, HIEFWH NH,-N ¥R EAF) 10mg/L 5 ,pH 7 {4 T, RS HFET, pH 8 THRBKFEN
H] H BB4EHF2ISE 6 K,

S EETE AR, 7RI NH,-N fR7ER), pH 7 3 SR R 5, 6 pH A= BB TR, EWHEASE3
KRBT~ =%, A NH,-N 2R}, pH 9.10 B BT 0, pH 7.8 B9 ERE R 5% B 4H LLEA & F B, T
HEAW BRI, 78 NH,-N 25 Smg/L i, pH 7 B EFEA I pH 8 1K,

2.2 R pH MHIEEFEAEX T TR B b A 85 R e

WHERE T EZAEREW (R D) ,pH MFEEFRA(NH,-N) , LUK 8932 BAEFIER B35 32 v R B v WG 7E

F Ry (52 A% P=0.000,P =0.000,P =0.000) , A& pH,NH,-N ¥ B T ApF S EFE 2 R LR LA 2,

F1 XNFEpHMEBFEKETEREER R SEAE R HNERHESH

Table1 Two-way anova of different pH and un-ionized ammonia on net reproduction rate R, of B. urceolaris

TR METHA Fih B K% . ,
Source Sum of squares df Mean square

NH, 279.760 5 55.952 60.705 0. 0000
pH 615. 544 3 205. 181 222.611 0. 0000
NH; x pH 286. 653 15 19.110 20.734 0. 0000
=2 Error 44.242 48 0.922

Jo pH Xt RGN . TEXTIRAA T, RoER > 1, IABARPERAE NS K o X R4H7E pH 9 7110 Z[6] Ry ZHF A BE
(P =0.470) ,EREAI, 72 pH 7 71 8 ZRIZF WA R (P =0.510) . Aid,pH 7.8 FE T FEHK RREZERT
pH 9.10 THJ R, (P =0.001) , pH Jy7 BHE RyBeRko NH,-N¥JE 5 0. Smg/L i, pH 8 T B R, BHA B KT pH
9.10 THY Ry, BHB/NT pH 7 THI Ry, 25 B3 (43 F1% P =0.0000,P =0.008) , NH;-N ¥ & 1mg/L i,
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\ B \ i \ 13 Survivorship rate
05 ® 4 + .\ 1 = + 412 = EIHR m,
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g\ L ¥ C‘\g 1
0homOMooonononnd boo-BAfAmMoonooaood - N 0
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Bl AFEE pH MAER TR X TRE B MR E RIS R AR m M

Fig. 1 The effects of different pH and un-ionized ammonia on age specific survivorship rate and reproduction rate m, of B. urceolaris population

]2 5 B (P =0.002)
. pH 7.8 i, NH,-N ¥& &5 0,0. 5, 1mg/L I 2mg/L ) R, B & KT 5 1 10
mg/ LI} Ry (53512 P =0.0000,P =0.0000) , pH 9,10 B, Xf FRAH R, BE KT LIAK) R, (454 P =
0.001,P =0.000) ,
2.3 AIF pH MBS TEUK 3 R R it AU a2

2

pH 8 TH REEEH B AT pH 9.10 TH R,, B B/NF pH7 FH Ry, (43514 P =0.0000,P =0. 006 ) NH,-
N ¥y 2mg/L B} ,pH 8 THI R, 5 pH 7 T R, Z 2R A B (P =0.09) B8 KT pH 9,10 T
R,(P =0.000), NH,-N [ Smg/L Bt,pH 8 FHY R, EW B KT pH 7.9.10 i R,(P =0.004) , NH,-N [
W 10mg/L it ,pH 9,10 9 R,5 pH 8 THI R,
TR NH;-N 3T R, i)

SRBOT 2R R (2 2) ,pH MAEE TR (NH,;-N) , LR —F B30 AR AR B i e R 48 i

A T(53A% P =0.000,P =0.000,P =0.000) , A[F pH NH,-N ¥ T #bACntE T B922R 1IE 3,

SoE pH X T HIRNT . XTI pH 7.8 F1 10 Z MK T 27 ALE (P =0.051),pH 9 A1 10 Z[HH T 2
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Smg/L i) P =0.054) , NH,-N #¥% 10mg/L i, pH 8 Ty T ZEB B KT HA pH K4 TH T(P =
0.000) , 3§ NH,-N BJ# %y lmg/L,pH 5 10 i, b AU E] T Bi< (5. 5d) , 2 NH,-N B9 5 10mg/L, pH 2y

10 i bRt R] B AE (2. 5d) o

12 -

10 -

HIBESR Ry (F0/ER)
Net reproduction rate R, (eggs/female)
N
T

FER T ANL-N)EE

The concentration of un-ionized ammonia (mg/L)

B2 AR pH MFEETEAKEXNERE B AMFHEEER,
20y 2]

Fig. 2 The effects of different pH and un-ionized ammonia on net
reproduction rate of B. urceolaris population
MNEFEBREI—REKFT AR pH HEEH LR, AR
FREREFEPFE,P<0.05 The lowercases show the result of

comparison between different pHs at the same un-ionized ammonia

AR T
Generation time 7 (d)

FEHFENI-NRE

The concentration of un-ionized ammonia (mg/L.)

B3 AR pH MIEE TR EX ARG B itk AU H i B2
Fig. 3. The effects of pH and un-ionized ammonia on generation time
for B. urceolaris population

MNEFRERR—REAFTAR pH HFHH LR, AR
FREREFEFE,P<0.05 The lowercases show the result of
comparison between different pHs at the same un-ionized ammonia

concentration, different letters show the differences marked, P <0.05

concentration, different letters show the differences marked, P <0.05

£2 MNAEpHMEFFEAETERERRAHRNE T INEARFESH
Table 2 Two-way anova of pH and un-ionized ammonia on generation time T of B. urceolaris

BEFHM AR E oy

BHRRR

Source Sum of squares df Mean Square F P
NH, 69. 542 5 13.908 43.497 0. 0000
pH 3.575 3 1.192 3.726 0.017
NH; x pH 29.022 15 1.935 6.051 0. 0000
=2 Error 15.348 48 0.320

& NH,-N 4T T B0, pH7 i, St T 5 NH,-N ¥ % 0.5.1 2mg/L 7 Smg/L B T B2
(P =0.053), pH 8 B} ,NH,-N ¥&E 4 1 2mg/L B} T BE K FHMWEE TH T(P=0.000), pH9 &,%F
HE4H NH,-N %55 5.10me/L B T B4 T 0.5.1 2mg/L T 3 2189 T(P =0.026) , pH 10 i}, NH,-N ¥
BEH0.5.1mg/L F T BEKTHAMKET T(P=0.002),

2.4 A[F pH FEEEF 2K RE S H Py B AR
SHEYOTEZ A REW (K 3) ,pH MFEEFA(NH,-N) , U R FHHZBAEAE B E EaRE B

£3 MNFRpHHEBFEKETERBEERANTEKE r, ANEARHESH
Table 3 Two-way anova of different pH and un-ionized ammonia on intrinsic growth rate r,of B. urceolaris
BEFHM A Sy

BHRRR

Source Sum of squares df Mean square F P
pH 7.107 3 2.369 55.769 0. 0000
NH, 3.299 5 0. 660 15.532 0. 0000
pH x NH, 1.546 14 0.110 2.600 0. 008
=2 Error 1.954 46 0.042

hitp : //www. ecologica. cn
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WA B AR 1, (53529 P =0.000,P =0.000,P =0.008) , A[F] pH NH;-N ¥ & T EBERKE r, 4R

L 4,

55%& pH Xt r, IR M, NH,-N 3 ¥4 0.,0.5.1,
2mg/L A pH 7.8 B} E r,, BB B X T pH 9,10 B4 r,,
(53514 P =0.002,P =0.000,P =0.000,P =0.004)
NH,-N ¥ )& % Smg/L i}, pH 7.8.9.10 # r,, Z A ZHA
BE(P=0.055),{H pH 8 f19.10 ¥y r, Z[H| 2 7 B &
(53514 P=0.011,P =0.039) , NH,-N ¥ ¥ % 10mg/L
At ,pH 8 B EY r, BZE AT pH 9.10 B r,, (P =0.02),

F5E NH,-N 3F r,, %0, pH 7 6%, NH,-N ¥R &
H Smg/L iy r, R B/NT pH 7 By HAWMKE TH 1,
(10mg/L G EEHE K 2., R 41) (P =0.000) , pH 8.9,
10 B, X FRAE) r, B EF R T HMAR r. (2 5]% P =
0.003,P =0.006,P =0.022) ,

3 g
3.1 AEM pH MIEBEFEK X RRE B R A
B R E RN R0

ASLH X HRA pH 7 B EH R, B pH

FREEETRE, WRAMEHEESE 3 RBHA—

v pH7 A pH8 -—e— pHY9 -# pHIO

m (dAl)

Intrinsic growth rate #,, (d™")

B
o o
=] 4 [l

-
(8]

0 0.5 1 2 5 10
R T ENH;-N)IRF (mg/L)

The concentration of un-ionized ammonia (mg/L)

B4 AR pH MESTEKPFHERREREAMFAREKER
BB
Fig. 4 The effects of different pH and un-ionized ammonia on
intrinsic growth rate of B. urceolaris population

MNEFEBRE—ERKET AR pH HRBEH LEE R, AR
FRFEFREFREPE,P <0.05 The lowercases show the result of

ANFlE, & NH,-N f27e0), pH 7.8 B 858 % 53¢ fi 4
I HCHA B T R, T ELIA B B ITE , pH 9,10 By 5
R 0, Yu Fl Hirayama'' 34 %8 45 B B %t (B.
plicatilis ) Fr/ERY NH,-N 2 HH R0 45 R0 ,pH 4 7.3 ~7.8 B}, 23°CF 24h LC 2% 17. 0pumol/mol, NH,-
N BRI 25 R R, 76 NH,-N ¥ 7. 8pmol/mol i, FEEETE R T4 50% , AL A, % T
W B ki, 7655 24 1Y pH &4 T (pH 7 #18) , 34 NH,-N & E /DN TETF 2mg/L i, 3 A B RILFR
2R, 7E NH;-N YREE X F] Smg/L A, BFE A B F W, 2 NH,-N YRS 10mg/L B, S RE R R
48 ~72h WFET:, EARPAELIR, 5 R4S B B S0 LS S I, AR T3R8 B 3 A NH,-N
FHUR, ZRTERBTRYE Btk 55 RE R 1 i iR 2 5, ST SR B0 AR 5 ok At iy
TSR A B Yk it . AN TR S ALY 7 S0 25 N IR/ 3 55 (R 0. 2ml) , T Yu 0
Hirayama'® {f) SCI 4% 14 MR 7E B4 HBERE 5 (AR 401) B %,

FE8E NH,-N YR BRI pH(pH 9.10) &4 F , 8BTS RS HIRE H %0, Schluter il Groeneweg!” BT A B,
TEE SIS 4R B4 1 (B, rubens) , pH 7E7.0 3 8.5 Z AT, %4 NH,-N ¥ 1% Smg/L, % Hi7F 48h FET-;
YIE B FEWKIE S 16mg/L, # M AE 24h WFET-, AR, W TERE B Rk, M5 T NH,-N [
W IR Sme/L B, pH 9,10 FIFFTE R E] R 6d, 40 24 T3 BRI — s FEBANE 1Y pH AfEAn . pH 7 B9
AR 11d, SRR pH 7.0 ~8.0,NH,-N 2 Smg/L T A7 i A] 2d A8 He, TR B B
NH,-N §fit 268 1 ERE L,

3.2 AIF pH AEHEB FEK T TR 8 B4 i A a2 g 2w

TR R S A WA pH FEE R 7 ~ 8, ZE ML TEE R/ T Sme/L i NH,-N 9K B S Ap R 0
B2, NH,-N 350 AR K 193 E /6 FIZE NH,-N 3B K TET Smeg/L W45 5190 B , 85 % R,
INFET 1, FPREEEAE IE K S AN . (R T HIEE pH T NH,-N B2 7E N6 55 R8s B 5 e i
FERBET M, pH 9 9.10 i, JEHHE A NH,-N ¥ ¥ (0. Smg/L) XP48FE% R M IE R0 8 , iR H

comparison between different pHs at the same un-ionized ammonia

concentration, different letters show the differences marked, P <0.05
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TR B A KBRS pH G, 35T NH,-N B 204 T, NH,-NERERTEHT Smg/L KT, 8BH
RIS R R pH X BE MM THNAR NH;-N ¥R E T, U7 IE % pH LB W, K3 E 1 NH,-N i)
BEEHANE, FREERAXNHAE - EWWZED, MEEERN NH,-N EEEER T+ 8%,
Mitchell* "' FiAMA SRS BRI BT RIS M (B, calyciflorus) BIZEFRY ,pH 3.5 ~4.5 i, BB FREE R 11
WK, BpESE R R/NT 1,pH 5.5 M16.5 i, S BMFEENIENK ., K" RSBESRI Y pH<3.5
pH >11.5 HEE R K S BIEEE, pH3.5 ~5.5 1 pH 9.5 ~10.5 i, FpRFH A AR, pH6.5 ~
8.5 NEWE B MMM KNEEEE, ALRMRNREREER R, APREN , 78 pH 7 ~ 10 B, &
BERRXKXT 1, RE B IENK, H pH 7.8 REH RAFR AR pH 9,10 THHE, &
pH xR E B MM BN KA . K& RS Michel" fMELH ™ HLBERERY S, LR
X HRZE7E pH 10 TR SRR L E &K EMER T, 5 Mitchell R ZAE , W BB LR A
YA FA R,

Yu 7l Hirayama'®' 3 ¥ 408 B3 ABISL, YOW7E KBS, pH MRS 4E B0 Rt e K I B
BN , T pH (EZB8 LT B0 NH,-N ¥R B 7B = 18 8 B3t g KRB B F . A S2m 45 R3RW pH
A NH;-N, DL R —F W32 G AE AR B R S 2 R, , 53X ST IXAE 76 TK B8 408 B3R i BT 5
SR BHARR, Yu 7 Hirayama'® %1584 B3 BUA9BFSE - NH,-N ¥ 2. 4umol/mol i}, Xif ¥t 5
RyEA M , 2 NH,-N YR K 7. 8umol/mol B, ¥ 5H 2 R, M3 B4 T F% 50% . ASLie 7€ pH 7 £,0.5,
1.0.2.0 mg/L§) NH,-N ¥ XT3 IRE B AR R B A M T 2R R, 1A N, Smg/ L #) NH,-N Y& B84 i RE
A PRI FER RFMRIER . ASZR A KRB H 2 RE B m A SIS R R 1 NH,-N &K
YR, DR NH;-N 3RS AL, HE— 2 ImaR At 5T
3.3 AF pH MIEEFEKFXFTRE B3 d A A] 4 &2

FEJC NH,-N FfE4&4 T, tARBH T &A% pH WM, £4 pH T, 8 NH;-N(0.5,1.0.2.0
mg/L) &HARRE B i AR RER, TR R NH;,-N(5.10mg/L) X & H AR R, 3%
V& BEf) NH,-N SR8 B A BB M m i B NH,-N X8R 0 EERNE, FHERK T RS
ME &S, FEHM AR T 24,

3.4 AfF pH MIEBEFEKFXTIRE B B Py B KRR

PR N B R r (H AR TE T U R B R R F X sh b B s S B, ALRE R BN, ER
A NH;-N 71, pH 257 3 8 i, ARE BRI r [EH K, A NH,-N F27E T i r 808 BE WAL, BiEIE
RE B RAEFNEEE NI NH,-N F7EH pH 7 3| 8 Z 8], ASLE B N H HAb pH (670 NH,-N, DL &
ZEWZEAEREBAN T IRRE BB RS,

Mitchell ' BT 2 AR FE 46 th & B PY B0 K R7E pH 9. 5 BB, 72 pH 10.5 BB AR, T Mk
ZERM Ny, pH 10. 5 B, FpRFBRE I ROFE, BALE B MK pH (H EFR5 10.5,pH 7 7.5,
8.5 MY HAPREE I IE K AR5 pH KX A NFES pH FH, BRI REH R, pH 8.5 i, BRIHER X R4,
pH A&, B K RN SR TR, ALBXERE B R RRET NH,-N 454 T ,pH 7,
8 MY B K R r, B KT pH 9.10 P B K R 1, XMERSELH Y WEREAREE, 5
Mitchell "™’ (9B ST 22 5780k, E4HK AN Mitchell ™’ S5 R T 5 BEBLAR. W AR R I R 2 T B LRI HHR
£53, Yu FI Hirayama'® XI¥E 408 B2 50 s O BFSE K 81, NH,-N ROV 5 Py BUR K REMH X, 72 pH N 8 /£
# ,NH,-N ¥ E % 2. 1 umol/mol i}, X Py B 2R A B, 24 NH,-N ¥ E % 13. 2umol/mol A, P BIHE K %
THES0O% , ASEH, 2 pH g 8, NH;-N ¥k E ) 0. Smg/L B, 5ixt i RE B MM N B KRR B EY
W, BRJG NH,-N A2 7R 5 TH AR T 30% ZE47 o 3X— %5 Yu #1 Hirayama'®! B4 522 40K, IR AT REAS
S HRARZRA K, B 5 NH,-N B BLH 5 R 56, A fet— 2P LW 5,

OECD ( Organization for economic cooperation and development) I\ H#i/K BEEFHLHWRE N BB /DT
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0.25mg/L' . FHRE BB FOKINE R B4R M) (GB3838-2002) 1T T B B LI, KEEERL
et N S 88 2. 0omg/L, EEFRKK pHE—KH 7 ~9, PEMBEERMLKITMIRED, BEFR
ALBIER B ESEARTF 1. 2mg/L(NH,-N ¥ E K F 0.1 ~0.6mg/L, T =20C ,pH 7 ~9) , 7K k¥ pH i
EHWN,ERESEEAN MR, RRBHPIRSRBRTE pH 9,10, NH,-N %4 0. Smg/L i}, 5t
H PSS B R RE Y SR S0 T %, AR A B RN, MR A K B L. WA B EFRMKES, Bl
RESBE KR pH E SEBFERMIT . HILENAEERLNAKES, & pH MEESFEARN HIFE
YER BT RBRFERIF IR TN —EERE,
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