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Comprehensive effects of tetracycline hydrochloride concentration on life history

traits of Brachionus calyciflorus under different food densities
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1 College of Life Sciences, Anhui.Normal University, Wuhu 241000, China
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Abstract; Increasing attention: has been paid to the challenging issue of environmental pollution by antibiotics in recent
years, and the structure and functioning of aquatic ecosystems could be disturbed by residues remaining in the environment.
To date, however, few attempts have been made to investigate the effects of tetracycline hydrochloride on life history traits of
rotifers.under different food densities. In this study, the effects of tetracycline hydrochloride concentration on life table
demography of Brachionus calyciflorus under different Scenedesmus obliquus densities were studied. The results showed that
tetracycline hydrochloride concentration and food density had significant effects on life expectancy at hatching, net
reproductive rate, generation time, intrinsic rate of population increase, average lifespan, and proportion of sexual offspring
of B. calyciflorus. In addition, the interaction of tetracycline hydrochloride concentration and food density had a marked

influence on five demographic parameters, except for the intrinsic rate of population increase, in rotifers. The peak of age-
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specific fecundity in B. calyciflorus increased to a maximum and then decreased with increasing concentration of tetracycline
hydrochloride under each food density. The effects of tetracycline hydrochloride on the growth and reproduction of B.
calyciflorus presented a pattern of hormesis. Mixis rate of offspring in rotifers increased at the high concentration of
tetracycline hydrochloride under the three food densities, and there were significant dose-effect relationships between
tetracycline hydrochloride concentration and the proportion of sexual offspring at the 1.0x10° cells/mL food density. Levels

of food density played an important role in the poisoning effects of tetracycline hydrochloride on B. calyciflorus.

Key Words: Tetracycline hydrochloride; food density; Brachionus calyciflorus; life table; life history trait

PUR RIS A R ( Tetracyclines, TCs) JE R A R — 2 i AR R O 5 2 R SR B A R B
P ST 8 U RNA TR A5 S0 T A 0 28 LA BRI R AR Y R LA B s s A O
A, PUERZE A Ry 5 2 AR IR0 b 132 18 FH 3R B0 A0 88 Ol > BT B U IR e b A kAR
PR IG  ABERHLIASE W, P A 30%—90% 23 15 LABEAR AL & Py s A5 7 S0 1 2B 1 ik 4 8 kg 38 24
S rp 0 i E A TS KA AL AR I ASRE SE AT PR B R AR B 1N e A R ok AR 2 AR R B 1
wrEfaE

H AT, 70 VT = A U R VT = A N A5 Hb DX ) 32K H R K RNES B K 55 5 1 K H R T K HE D B
FUOR AR R EROK IS PR A T R e SRR B R AR PR v 1 DU PR 2 T DL R
S A TR A A i 2, I AT P AR R A= Wy 1) BRI AL B, LA i A K AL 31 it A K 5
T T U8 R AR B 2 KT ) G DU PR R B SRR X R R B R K e . bR R K W =
i IR 26 730 S AE 40 A A K 2 A 7= 26 S i, Jie 600 KR TS R R I A M RN RO S R R AN T
AYTEE ( Microtox ) A PEREME IR IR 5Y 3 B | R 1R DU A &K (Tetracycline hydrochloride, TCH) 7 5 K2 20 F 4 F
PrAEREMERGR Y DFFT R, DUPRF RS SR SR 1Y A, 3 g e A P £ I A 0
XA P AR M PR 22 B, DUSR ZRIR RE NS 52 M V7 Ui 2 ) 1 A K 5 B 0 I K A= 3h ) 22
T TG, A0 B2 UM T8, O3t 1l £ RS5O ™ EL 1Y DNA 5405,

¥ HU(Rotifer) S22 704 T2 KM PR IE Sh W 0 RERE 22— PRLHAARBY /)y | BEA gt | AR )
JE RS Y W A A BURR SRR A, 5 OB Ry B2 2 3l W 78 SRR W I R A A R B AR R A vh R PR HEE Y
FEEIERE T 1991 4F 1IE AL AL B 8 MU ( Brachionus calyciflorus ) FIRE 48 5 HU( B. plicatilis ) 73 ME R
TR K 5 Y IRA 5 A B S MRAR S S [ 20 tE20 70 ARAR LK, B A1 2058 LUge ol 2 ik
YFFIE T E AR N AR AR 2 U A R R 25 LA i A M R S
1 B YRR TER BOW AR = FRR )12 N R R BB A 20 1 8 1 A O AR R
A58 UE S, B8 R A A 5 A 0 e AR R Ry AR A R BURE, R 2 B ARG e A XU AR
JOf 0T BRI A SR I DU PR 28 X e R A T sk AR 1) 5 AL RE 5 04 A 43, AL Araujo A MeNair' 7! JF J
AR MOFE 2 R AL e A6 HURIRE A R 40 HURy A3 Sk SECM A S i S i 5, 45 R R B O BR R XS 2
TR FR4C MU 7 i M B4 0 Y B 5], b S AR B RN T AR 3R VR R 1 72 Al s Ry U HOOE R R DU PR R
(1) 194 B2 (1C,) 4y 3.91 mg/L, b3R5 0w 5 U PR 32 M B8 1) fin o 52 B el iy 3

VE Ry RN 7 SRR T A S5O 5 G e A, Dol 2 B 0 0 P i S 4 B MR R, PR
T5 YIRS A TR F 2 2 B B B S R A 29 AR, ) B AN e ok X
BRI KA A8 BAE FIEZ 5 1 7 AT OGRS . KERT R , KA TS Yy T 0 il 4 s A R K 1
B B B U BB AS AT R P 0T 48 ORI BR324 SR 1 %% B R R DU 3R 3 X 4%
HA TR SRR RE R S AT 5 i R DA

ARSCLAEACRE R ORGSR AR AR RGE T  0F9E T 3 B BT AN [R) U PR 2204 B 02 A R
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1.6 Rt

K SPSS 22.0 S3Hr A FI Excel X EHE AT 04T, Xt T A BEVE IE S AR 565, X475 & IR A 1)
2 2B T8 BRI 3R 07 22 73 ( Two-way ANOVA) A6 B W) 5 15 Y Wik 2 e 1 & T B 22 HAE RN 4 280
SO ) 0 P X R R A R W 5 & S [ B S R AT RN 2007 s SR 2 8 LU (LSD K5 50) i 4 5
BT SAHCE A5 2 B) (B %% B TR RN R DU PR 2R B ] ) 1) 22 5 Wl 3 1k

2 #R

2.1 R[] B R R R DU A AL R A ) 2k b

SRR B R TE(2551) C L AZOGIRIARMET , YW /08 1.0x10°,2.0%10° 4.0x10°
A/ mlL B ER IR PUBR ZE XA A AR Y 24 h LC E 412 107.95 .116.92 mg/L 1 111.23 /mg/L, =34 [H]
TEFEEF(P > 0.05), H 95% i & A5 BR 4 1k 100.34—113.69 ,110.62—123.51 mg/L F1 104.21—118.34
mg/ L,
2.2 N[EIPEE LT LR DU PR Z N AR R A SR AR I 5 M)

3NEYIE LA 6 NFRIR DU R R T AR A 1R AR IR AT (L, ) TR 8 AR B (m, ) W
1R, AER BRZH R AR BE AR FRVUPA 2K (0 mg/L 1 0.5 mg/L)FEAE F ,BlE £ BE A8 N 56 i 43
HET I )2 W R | i A R R DU A £ (1.5 ,13.5 .40.5 mg/L) T & HUAY A BB 2E T2 I ] I B 35 22 2%
FE R I W ET . 7R B2 S ARV (0.,0.5,1.5 mg/L) YRR PUBR R 5540 T, e b S5 )% i (2.0%
10°4~/mL) 9 %E HUH BRFE T (B (B) $5c3R | T 7E = VR BE A AR R DU A 2R (405 ,13.5 .40.5 mg/L) 5500 F IR B W% %
(1.0x10°4>/mL) T 195 T LRFET A I ) R

FEXT RRAH S 25 £ R DU PR MR BE T, 48 LA e A7 i B B oA v WA (B X B 3 1 2 B AR 1S i 18 K 745 12
Wy BE T % B o AU B A e (L AE AV BB (0.5—4.5 mg/L) RYERIR DU FF 283k B T S W 10 0, 7 v e
(13.5 mg/L 1 40.5 mg/L) AYERFR U BRI B 7 2R A 1 BETE e = el . 7Eh MR U R e T (BR 4.5 mg/
L Ak) %6 A0 R A 1 B e i W D SR 7E 1.0x10° >/ mL 9% B 53R 1M 7E 2.0x10°>/mL &4
W
2.3 ORIRIEE SR T R R DU PR 2 AL R A U A R SR

KR 2 2243 M U, 1 000 B TR I DU B 38 vk B o 4 T A0 A A 2R v A o e i) | P I K
P-4y 5 AN AR TR A R, LA 008 i IR 19 DU B 38 vk 32 1) 38 AR T IR 77 N B K R A HAth 5 A Sei 2%
S EABEZM(P'< 0.05) (£ 1), ZEILESITER(ER2) XY, S RAML, E4EWEE T, &
PR DU A 28 %o 2 A R A TR 0 AR A 0T B A g R AR E) S A RS AR TR A R A W, sk 2
FiR SR IE R 1.0x10°4/mL B, 1.5 mg/L e 2 35 198 DU PR 38 5 2 4 1m0 1 6 H0 0 24 iy 101 B2 1 2 F5 4
1.5.4.5 13,5 mg/L R DU 2 I 48 5 1 40 A A 563 ,0.5 mg/L Fl 1.5 mg/L [ ER R PUPR 2 1 253
T A ACRET , 13.5 mg/L F1 40.5 mg/L (ERR VUM 2 B E 4 & T 5 MR AR, #£ 2.0x10°4/mL &)
WETR,0.5 me/LIERR VU R W 48 T HC R Az am R AR [ F0F-34 %54, 1 4.5 me/L F140.5 mg/L
(IERER VUPR K H) B AR T4 th i A A I 22, 4.5 mg/L BYERIR YR K W3R TF 1 48 i 2B B % {H 40.5
mg/ L P FRR VU IR 28 0 3 AR T 58 B A B R R 2 54 5 40.5 mgy/ L VR J3E 30 2 DU 28 3840 0 2 4 /3 T 48 ey
IRACH, YW HN 4.0x10°4/mL BT I8 0.5 mg/L W BESb | oAl ik 57 £5 152 DU PR 22 10 35 4 1 %6 Uiy
AT 4.5 me/ L (ERTR DUIA MR B 546 T R L pv AR B R 1.5 FN 13.5 mg/L SRR DUIA 2R o 5 4 48 T
F P AR 1] 5 1.5 13,5 ,40.5 me/L Y ERR VUM 2 B 4550 T 48 JUK -2 7747 540.5 mg/L A ER R DU IR R )
i3 MR TR R R IR AR,

FEXTHRAL (0 mg/L) H1,2.0 ~/mL 1 4.0x 10°4/mL ()& 4% B B 10N T 25460 BB 40 i A A 0128
B R N B KR8 754 50.5 meg/L IERRIUIA R T ,2.0x10° 4>/ mL 1 &9 %5 5 B 2 1 T 546 B
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Fig.1/ The age-specific survivorship ( square) and fecundity curves ( triangle) of B. calyciflorus at six TCH concentrations and three

algal densities

A A AT IR AR R Y BRI A, AR R RS IR R E S B YR E R TR &2 5,
1.5 mg/L AUERRR VU R T, 1.0x 10°/mL A 4% B i 25 30 I T 240 2 46 A iy 2E a1 A s B) o724
FEir , T A B 6 PN BLRS KRTE 2.0% 1084/ mL % F 5 5 34.5 mg/L I9ERFRIUFR £ R ,2.0x10°4/mL
1 4.0x10°4>/mL (£ 1% B 35 10 0 T A0 RE R 50 s R v 2 B R A P B KO T A A5 S EUE 5 B %
FER] TG 5 35 2% 55 7F 13.5 mg/L IIERRRIUFRE R, 2.0x 10°/mL Fl 4.0x 1084/ mL 1 £5 9 %5 B 1 35 1 1 3
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TEE A B AR B AR P BB KR T 1.0x 1084/ mLL F1 2.0x 1084/ mL B £ 13 B L e i 1 b s R 4
A A R AE 2 F 4, 1.0x10° 4/ mL A B W% BT 46 A i A ) A5 AT 28 3 8% 55 540.5 me/L R
FRPUIRZE T ,2.0x10°4/mL F1 4.0x 10° A4/ mL (4 £ 9% B 0 35 38 0 17 2540 R 48 iy A= 58 % T 1.0x10°
A~/mL 1 2.0x10°4/mL W E W% B 0 5w T S A0 R A i A A 12 AR BRI 3 F i, 4.0x10° 4>/
mL A% BT e U PN SRR RIS AR AR R m

*1 AYEENHBRNARRERESIEEAMNEEEERRESRAITESHNZE N
Table 1 Effects of food density, tetracycline hydrochloride (TCH) concentration and their interaction on life table demographic parameters of

B. calyciflorous

SRR 22 T 5SS A B df ¥1J5 MS - »
Parameter and source Sum of square Degree of freedom Mean square

He 18 Life expectancy at hatching

B Food density (A) 3181.29 2 1590.65 21.42 <0.01
LR PUIR IR TCH concentration (B) 3250.11 5 650.02 8.75 <0.01
AXB 3846.15 10 384.61 518 <0.01
Error 2672.88 36 74.25

e 5% Net reproduction rate

BYHE Food density (A) 932.26 2 46613 113.95 <0.01
EFRPUAZE MR TCH concentration (B) 304.34 5 60.87 14.88 <0.01
AXB 210.86 10 21.09 5.15 <0.01
Error 147.26 36 4.09

HEACHTE] Generation time

EYHE Food density (A) 1285.64 2 642.82 49.10 <0.01
R PUIRZ IR TCH concentration (B) 200.04 5 40.01 3.06 <0.05
AXB 1001.57 10 100.16 7.65 <0.01
Error 471.29 36 13.09

PN ZL3#8 K 5K Intrinsic rate of population increase

¥ Food density (A) 0.00175 2 0.00088 61.67 <0.01
PR PURZ MR Y TCH concentration (B) 0:00025 5 0.00005 3.49 <0.05
AXB 0.00023 10 0.00002 1.64 >0.05
Error 0.00051 36 0.00001

3474y Mean lifespan

W Food density (A) 2959.57 2 1479.79 20.05 <0.01
R VU FE R TCH concentration (B) 3115.65 5 623.13 8.45 <0.01
AXB 4043.31 10 404.33 5.48 <0.01
Error 2656.32 36 73.79

JE AR 3% Mixis rate of offspring

B E Food density’( A) 0.07 2 0.03 18.38 <0.01
R IUIA Z WK TCH concentration (B) 0.16 5 0.03 17.79 <0.01
AXB 0.18 10 0.02 9.72 <0.01
Error 0.07 36 0.00

[T s, B RN 1.0x10°4>/mL I, SRR PO R 3 9 B 5 5 O AR R N B IR AR
TRACR B HA W 2 170 i 8O0 G R s BB N 4.0x10°/>/mL B, bR VORIV B 5 48 U A= i 22
BE BA BEMRE-BONCR (R 3) . TEEWEER 2.0x10°/mL AT FhIR MR R IR 55 Rk
TR SRR AR B3 R RO R
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F2 AEARMEE/(x10°4/mL) MBBRORKIRE/ (ny/L) TEEERER REGRFEITESH(IEARER)

Table 2 Life table demographic parameters of B. calyciflorous exposed to different concentrations of TCH at three food densities ( Mean + SE)

¥ iy hERIUFRZIKRE TCH concentrations
Parameters Food densities 0 0.5 15 4.5 13.5 40.5
eo(h) 1 105.20 £ 12.94%  116.00 + 8.515 145.00 = 2.40% 107.60 = 3.67* 114.00 = 8.40*" 113.20 £ 2,507
2 130.40 + 2,777 142.40 + 9,777 127.20 £ 9.8AP  116.00+ 1.83%  125.60+ 6.61""1  114.80 + 3,677
4 120.40 £ 12.268+  124.00 = 3.465 104.40 = 7.38b¢ 106.80 = 7.3 94.80 = 1.2B 93.20 + 454"
Ry() 1 9.23 = 1.085de 1112+ 1.21%4 14.93 2,195 12.52 +0.71 % 13.85 + 1,175 8.34 £ 0.995¢
2 19.93 + 0,534 22.72+0.72" 22.45+ 1,96 24.39 +3.04" 20.81 + 2,974 14.78 + 1,977
4 20.87 = 3.487 19.48 + 1.925 17.50 + 1.29% 27.79 + 3.6 17.26 + 1,34 17.43 +2.164>
T (h) 1 77.04 £ 4.647¢ 84.68 + 6.624% 98.15 = 4.98% 75.89 = 0.37%¢ 83.30 £ 1144 82.57 £ 3817
2 78.12 £ 1.847 84.53 +5.814 78.07 £ 3.765> 80.67 + 3,984 80.26 + 1.37% 80.90 £ 1.462
4 75.00 + 4.05" 73.90 + 3,671 68.74 + 0.87¢ 75.92 +3.33% 68:10 = 1.14% 70.56 + 3.8Babe
r,(d7) 1 0.0371 £0.005%"  0.0370 £0.0035%"  0.0378 £0.002%  0.0419x0.001%  0.0418'£0.002%0.0320 + 0.003
2 0.0502 £ 0.0003**>  0.0545 0.013%  0.0526+0.002**>  0.0513 +0.002°"  0.0485 = 0.002*2"  0.0433 + 0.004""
4 0.0504 £0.0024>  0.0493 £0.0024>  0.0488 £0.0025>  0.0533£0.004%* | 0.0482 £ 0.008*"  0.0498 + 0.009**
ML (h) 1 93.20£12.945>  104.00+ 8.515 133.20  1.03% 95.60 + 3.674P 102,00 = 8.40*" 101.20 = 2,507
2 118.40 £ 2,774 130.40 + 9.7742 115.20 + 9.8AB> 104.00 + 1.837  113.60£6.614  102.80  3.67*¢
4 108.40 + 12,6 112.00 = 3.46™ 92.40 + 7,384 98.80 + 7.62b¢ 82.80 + 1.284 81.20 = 20.45"
M (%) 1 0.19£0.015¢ 0.21 £ 0.06 0.20 £ 0.01%¢ 0.28.+ 0.022 0.45 = 0.022¢ 0.31 +0.02"
2 0.190.01 0.18 £ 0.024 0.15 £ 0.05 0.16 £ 0.03 0.16 + 0.02" 0.29 0045
4 0.27 £ 0.04* 0.17 £0.01%¢ 0.16 £ 0.02%¢ 0.19 £ 0.02%¢ 0.22 + 0.04%¢ 0.42 + 0,02

* Z T B i (R MR E R AR TR RZIRIAS (A, B A C) BTG (azh, o d Ale) (FTERFEE RS (5% ) , 7 NHTEN G Fm T HEGEHE D %
S 5 U seq: A AR, Life expectancy at hatching; Ry : 15+4: 5% Net reproductive rate; T R[] | Generation time;r,, : P EHH K | Intrinsic rate of population
growth;ML;EFi/f‘Jﬁﬁ,Mean lifespan;M;Eﬁ‘(wﬁc%,Mixis rate of offspring

®3 FREVEBEETEAERLRNEGRSE(Y) SHBRIURFRE (X, mg/L) HEXER

Table 3 The relationships between TCH concentrations and life table demographic parameters of B. calyciflorous at different food densities

B ZH mEpiyc: WEMEES
Food densities Parameters Regressive equation Significant test
1.0x10%4~/mlL HA B A Y = -0.008 X*>+ 0.336 X + 11.422 R?=0.377,P < 0.05
P BT Y = -0.000016 X2+ 0.0007 X + 0.2027 R?=0.584,P < 0.01
SRR % Y = -0.00056 X*+ 0.0307 X + 0.2027 R*=0.723,P < 0.01
4.0x10°4/mL At Y = 0.046 X2- 2.80 X + 118.163 R?=0.578,P < 0.01
3 itig

PrAE RIS 1z N T AR BRTRYT S TR, R A S E 24 A R AR R AR ARl K R
FHOl R SRR ST I R R DU BR 2 X 75 T 4k 1 ( Caenorhabditis elegans) 1) 24h - 50 FE
LCyH 829 mg/L" X737 5 W) K I3 ( Daphnia magna ) W R ICVLELRUN He B (NOEC) 4 340 mg/L!%7
ARG, G EYE 500 1.0x10°.2.0x10° ,4.0x10°4/mL B, R DU 3R 26 25 1008 B 4 HU 24h LC, fE
3 107.95.116.92 \111.23 mg/L,, AI UL, 40 FE 46 dowh3h R VO 1 28 1 B0 PR 3 55 T 4k AL 55, (HL LE T 3 51
YR ALERAURR PRI, 7R 7K IS A 4 Wl e S o 8 1 DU 2 258 1) A i W v, 250 0 R 1 R 5 Sy FRAEL ) 22
Y,

A IR AR B (TR XTI A W AR, A R PO IR v R R T LA R ) A S
IS it 25 0 A J3E B0 B8 K A IR VR ) ol IR 3 (0.0125 mg/mLL) )58 8 28 A 41 (0.25 mg/
mL F10.50 mg/mlL) F)HH PR SRR R FIAIE 1E RS 460 R 40 HR ) P 8 4 B0 L 5V B 1 T 955 (0.0250 mg/mL Al
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0.0500 mg/mL Y5 FE 2 & 0.75 mg/mL F1 1.00 mg/ml [FARBRFIRER ) , 8 455 R 46 HL A R 0] 52 2R [R]
FREERIMHIER ', MR MAERWRIE N 6.25 ng/mL B A] (L 2408 R4t Al RERE 4 | S vk 34 i
) 12.5—50 wg/mL B, WIAT AN [RIFR B A el /6 T, EL 400 1) £ FH Bl 25 v 8 ) 398 RO 34 R, vk B 35 31 100 g/
mL BF BB R . AW ES BT 40 B R A B R (m, ) = W (E 2T B 5 S % DU 2R
FURTE BB N S BRI S AR B RS A 1.0x10°/mL S B R 1.5 4.5 13.5 mg/L 3 N EE(K)
ERFRDUBR R I W IR TR R A A FR (R, , T 40.5 mg/L ¥ B U FAAER T 8 40 2 40 1 0y 2 0
REYEE N 2.0x10° 4.0x10°4/mL B ,4.5 mg/L FIFLERPUFR 2 B 54w T8 A BT R (R,) PkE
YLBEUR (T i, 58 U AR B R A AN AR BE A RIS, [RIRE 7 1.0x10°//mL 1 2.0x10°4/mL 1) ¥ %
KR (0.5 mg/L 5% 1.5 mg/L) (ERFR PR AL K T 240 46 dUy AE a2 | (AR B ()RS 35 75 i, 31X
i — 2D IR T ARV FE T e B B 0 L A R TS O s e M R R A, TR R Tk BT ) T Y4
B TR PR AR, S B E R . X —45 5 Chopra %' | Araujo &' fll Huang 45"
HIBIFFE 45 AR — 30, BB 048 B AR RN B0 ELAT AR = 4 A ARe A, 3D B 4 A &I 1) U )
RN IR OIS REY) SR SS RIS A R, G R LTk T G E S E G 5
k¥ ZIHI5H0 ZHABA A YUY L KA 24 F— e A ZAE N T E A58 i

SEACRE FE A HOA U I MR A ) BRSPS A YR S M A I A= 5 1 T =R A T
B, ISE B AR JS A QTR S8 A AR B A TR S A4 2 5 >4 52 SR SR AR TR A MER LA Rl 73 241 75 =07 2
TRACHN 56 e A PEA T B0 5 2, Ja IR SRR w5y o A P2 BE w] (% s i e LUAR IR B A4 T8 28 e A A 1Y
IBE 25, o BE PR A3 N T RIS AL 2R DT B8 2 8 AR R AR A SR N R . Bl g He
JC A B 2 1) A A A 1 DR 2R 4 1 22 AIMIRAE DR 38 S RT3 (PR B R pH (B B % R R
R T W ORGP MR T M2 A5 ) BN IR TR 3R (At A2 DR 2% Ak AR g A e R ICMEE /1= 7 1Y
SRR B0 A S HE R TR, 2.04-10.0 we/mlL 1Y FIAE V-4 e 5 4 i B AR T SR R A
e AR AS R FE A R T, S ARTR 28 38 5 e T e 1) 1) HLA 7Rl — 50 G R, B S0 R e A 1
A5 22 B R AR R A S e, AR 7R 3 AN T Eh IR U A RV R 40.5 mg/L B, DL
1.0X10°M/mL B E T 13.5 me/L FhRR MU R 3 B E 88 & T S0 B e i 5 QIR 2SR, Bk
IRWE 546 dUG ORI B A WE 00 RO O FR . AT UL ER IR MU 3R AR R AR -V —FE A A R i 2 4
ERRRE AN A,

B R RIS ERIR R Y . SR R R TR TS R B B TR T X EE Y
RSt , DRI R T 32 X 4e RS L AN, 65 B 1) Tt 4 3 1 58 AL A3 3, DI n 17 %8 Ha e 75 4 1
T, L T 8 AR ERIE A L SR, M FE B R T W R TS e i, pR TS AU K R A B gk i 2K
SRR TR B BRI, X A AS F X B A SR R R S R Y ARBIE ST e A R AR B 1 R R
PUIRZE (0 mg/L 0.5 mg/L) FAAE T, B BV I35 I, 6 B 2350 T i [a] 2R i 43R | i Al vk J32 1 6
FRPUIAZR(1.5.13:5.40.5 mg/L) T, 56 H % 4 FB A0 T ] () D) Fif 45 £ 0 % B A B N T S i B s 0 %o LA AR
W (0,0.5.1.5 mg/L) ERMR VUM R 5T, B P S5 Y% (2.0 10° >/ mL) A48 HLUH BRAE T 1 B [a] £
R WA B e FE YRR DU K (4.5 .13.5 .40.5 mg/L) 5F T AR Y% (1.0x10°4/mL) F A% BT IR 40T
FOR (1B aR , SRR 208  BR T 4.5 mg/L BYERERPUIR X AR B S A RS EE B E
B AR R LS 3 P 22 S A0 T BB A R AR ) ER R DU ER 25 (0 mg/L A1 0.5 mg/L) H1,2.0x10°4~/mL F1 4.0
10°>/mL (£ )% B i 3B 1 0 T A0 R 0 s AR A TR AR AR | D B R R RT3 s T AE 1.5,13.
5.40.5 mg/L ERMVUME T ,4.0x10°/mL P EW) % B 35 RN T 2008 R 40 iy A= a9 22 tEAC R o)
XA, PRI, B B T 2 R T YR B T U Sh W R B RO, ELAITS e T = B R R
Bk S TS YR B A v s B IR T B ARONE X R IR DU A M i TR I
A RpiE— 5%
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