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WE: TP BRGIKARPIZIAEBEEN Ny P E IR, BRI N P EFRERRE N/P BREE, X RETIRIAK
PEH IR VR HEAT T FE . 5 5R R, VR IN N P 2B (RHEEIHE N AR, AR 52 P ERRIREmaEE N #h 3%, ¥
NP R R S O IR ARV 0 U E 77 BRI me AN — 35, PRIFRE S F S NP ELERAE G, A Ra 3k (Aphanocapsa
sp.)~ FhH: 2 8 (Cylindrospermopsis raciborskii) F14E £ iE 4 (Pseudanabaena sp.) 4% 15 74 & & 78 = N 1 P 2cF N AR, U0t i 7k
(Scenedesmus bijuga) &k AR M WIT R N & P 3852, 17 (Achnanthes sp.). /N (Cyclotella sp.)Z5REFEETEAR N K P
MRS SRR P IREEDH 0.8~2.0 pmol/L IHETE S S H U ME B R Ve T PR BB, 4 P YR BE KT 2.0 pmol/L B U141
B PRIEDN 2.0 pmol/L W] RERIFIFEMYEF K I BOEIRIE, IR N/P 4EFFsh AP, S48 N/P. C/P 5Kk P
WL N/P 2EFIEMIC, MHAME C/N 52 N F2m 5 B (P<0.05). X AHH WA K FE /KU BSR4t T BR 55,
KGR VRIFHEYIEE: EBELL: PRIEEEEREE. B TR
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Responses of Phytoplankton Communities to N/P Ratio Changes in
Phosphorus-limited Subtropical Reservoir in Southern China

PAN Jing-yun!, YANY Yang?", HAN Bo-ping*

(1. Institute of Hydrobiology, Jinan University, Guangzhou 510632, China; 2. College of Life Science, Guizhou Normal University, Guiyang 550025, China)

Abstract: In order to understand the response of phytoplankton community in P-restricted water from Liuxihe
Reservoir in Guangdong Province to different N/P ratios, the structure of phytoplankton community was studied
by adding N and P to create a gradient of N/P. The results showed that the growth of phytoplankton had been
promoted significantly with the addition of N and P, and the effects of P was greater than that of N. The species
specificity of phytoplankton led to the inconsistent response of phytoplankton community to nitrogen and
phosphorus nutrients, phytoplankton abundance was not correlated with N/P ratio. Cyanobacteria, such as
Aphanocapsa sp., Cylindrospermopsis raciborskii and Pseudanabaena sp., was more favored in conditions with
high level of N and P. Dominant species of green algae, Scenedesmus bijuga preferred medium N and high P.
Bacillariophyceae, such as Achnanthes sp. and Cyclotella sp. had advantages in environment with low N and low
P. The threshold of P concentration for alkaline phosphatase activity (APA) ranged from 0.8 to 2.0 pmol/L. When
P concentration was above 2.0 pmol/L, APA was inhibited, and the optimal P concentration for phytoplankton to
maintain growth may be around 2.0 pmol/L, and the ratio of cellular N/P reached equilibrium. The cellular N/P
and C/P were significantly positively correlated with supplied P concentration and supplied N/P ratio, while
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cellular C/N was more correlated with supplied N (P<0.05). So, these would provide a theoretical reference for
water quality management in tropical and subtropical reservoirs.
Key words: Phytoplankton community; N/P ratio; Alkaline phosphatase; Phytoplankton; Element

Redfield FLAEME TR IR0 A2 BRI, 5
REA KA A B ) T R EUAE R 9 CIN/P=106/
16/1. SR, VP20, GHUERIL AT &
C/N/P ELAEAEA R P A2 57 o N AT P 27
YKL REFRTUR, MUK RE%
MER M A K, R (N/P)H H B i 2R A
Ko AHMZE R S HON B FR IR IR R . R 2 AN
RIE N/P 2y 25 I Ui e 28 I Bt o R ) ) A6 ) 2 b
KA N VR FE I T 1 S35 39 A0 Stockner S50 IH,
N/P LUAE M 15 $ 5051 25 B 7K A o A e D £ i
¥ (Anabaena sp.)iZ i / J& 4 5% BR5E (Synechococcus
sp.); AiMEURA IR R T, NIP LLAL 5 5
KE i RIAF R, 500 LS P R] 55 4 (R 4 1) =
. AR ES, RN, e,
N/P ) BARA )T FH 3 AR 35, vy NJP (256/ 1) I
R AR K AT B AR SRR R B, i 0 K AR R 2 5
BUAEAR N/P R 8 & 8 77 K 3 9100 IR 7K AR N
P R K F B R RS0 T AR PR ) 55 4, KR
R T (1) 225 KA RO 5 A B 2 f ke e/ R Y,

7R M AR P TR G, DX
WAL, KEFEERER S, WERR, AihTE
WY AR, RN & T IR S 7%
R ROA, SR, G HCHE 7K P AR B R £ K 1
PERFIEARIRE AT, PN T AR A A K 11 PR 1) R
TSI, FRUHAE AR A B I R AT DLIE I T
HA T B EE(CIN/P R A Kl 2, I I B
B I SR IR PR B 6-1T), I @ i 4y A L PN ARk
T R G, 36 2R AR K A TR A ML D TE AL ol 1,
BEE AT HAh, — KA R iR i
P LT EC Bf P 055 A A R R R IE SR, AR B A0
SETKAR AR BE 1Y) P, 1K B Ry P ff 15X S /K AR
FERRHETE P BRI A KR R E A K . AT ST IR Y
T P BRI K T 1 R BT K, AR KA
fRF- 21 N/P b2 90710200, 3 o VRl 1 75 3k 1 Vs
IR E8 SRR e AR B a1 7K A o 3o D R A v S
AN ) U LU 77 38 R Wi 97 o AR BT 78 TRV KT 9
TE R AR BRI R IR, )T AR
T AR K PE TRV 2 WE RN KOS P AR
ws%,

1 MBI 75

1.1 AB A RIEANAR Wit

2019 4F 2 F 20 H T RE MR K FEREZ
JE7K, 2 60 pm JE M SRR B DA K BT K R
YE, BTREMPARESLEE, e EK 3G
A NIREE . B P IREE . BRI BEER BV 1 (APA)
FEAML C. N. P ST EAWIMGE: JHEACH IR
BFRRK, K A PR ) B D iR e v T i A A
T ISRIR . B 210 JE K 400 mL 435 T T175
MM K% R (TC-Flasche T175, Stand, Vent. Cap), N
G AR E TR o R RS, FARCIAT N P WC
Br Rk,

RT3 Redfield LUfE, BY N/P LE 16 (1)
B, FATVCZKEFFEY) EE 23] P 1R
#l, NEh+o7e 2. B4 N/PIREREE S N
BRAE KA G FIREE, B N1 K (41.1 pmol/L),
N £ BE LA 20 pmol/L A6 BESE N, T P i fik 2
TR K P3 W (0.8 pmol/L), P 4% ¥4 1 LA
1.2 pmol/L A EERG N, kit 9 240 N/P Ab¥R4, 1
HA EX IR (R 1) BRI 3 AT, RIS HA AT
INIEFRICER . BEFRsktt: W ANQRS5H)TC. Ll
#2412 h/12 h, JERE5RFEA 40 pmol/(m? s), FK
SEN RN LIk, BENLRESEEA &, kol
A5

1.2 KA B E

B REESIIEM, R TEOEH, Hadtk
FETHAE 680 nm P NIE OD fH, BARHECHEEAL
i~ OD {E AN AR 6l PR AR A A K Hh 2R e v
TEE YA B, B 20 e IR AR B 56 1 RONW)
GHH, B 13 RONTEEUN, 2 21 RoNFR .

1.3 BAMMEA C. N, PEENE

I D8 B R A TIAL 3 IS 1 B B AT 4
(Whatman GF/C, fL4% 1.2 um) L, HtTHEETT
fRE . GRS T (B Vario EL)i4T C. N
TESNT: AR P & ERHERE S OLEE
(GB 11893-89).
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Table 1 Concentrations of N, P and N/P in tests
Ab¥E Treatment N (pmol/L) P (pmol/L) N/P bFE Treatment N (pmol/L) P (pmol/L) N/P
N1P1 41.1 3.3 12 N2P3 62.3 0.80 78
N1P2 41.1 2.0 21 N3P1 82.1 3.30 25
N1P3 41.1 0.8 51 N3P2 82.1 2.00 41
N2P1 62.3 3.3 19 N3P3 82.1 0.80 103
N2P2 62.3 2.0 31 % i Control 411 0.06

1.4 BRMEBERRES IS M W 2

SR FH 0 i 35 1l TR A 99 (22300 5 KA Bl e
R VE(APA), NI ZAF )y pH 8.4 % 35°C.
SSARFR 2 mLy B E] 4 hy B2 K 410 nm.
MR T A TR (AR HE B 28, TH SR I NP2 A 1)
XTI ER I I & THE A R APA=C/(TxV), i,
APA BRSBTS PE[nmol/(L min)]; C SRR
By )As A EE(nmol), BV ARE SR FRT AR A 2Ry B
T KSR T (min); - VAR AEE FARA(L)

IKFEAN 2 3ok 3 30 00 5 ) g 3 P A g S PR i
T BR B E 7 (TAPA), 4 Whatman GF/C JEE (FL12
1.2 gem)isk 8 J5 I 52 P TV B A AT T + VS A T B
T B Wi S 1 (BAPA+DAPA), TV 317 A2 40 1) sl 1
PR PAPA=TAPA-(BAPA+DAPA). AKX IE
R AR s R n 5 | R S A TE NS KC, PAPA 5429
AR bR I bR R YA A 5 A AR A B P R B Il
TEE, WARTERERE 13T P (specific activity), #E
B U S R ) PN E (AL R (30, ARG, BT
A B PR (R ZE W B APA)=PAPA R B
i, LL nmol/(min mg)Z s .

1.5 EIFEYEFEAE R

KA Utermahl THE0% 61 B 2R S X2
TEVDHEAT 73 B TR, AR o i ik 2
T 400 NMFWEYAME, HFERETHE AN : N=(Cx
D2)/(Vxnxd), ', N ¥4 M 3= FZ (cells/L), V
NUURE K FERIARR(L), D AEI A B (mm), d A
THEE S B (mm), n g kgL, C it
MoH (cells). FEHFHEAIFIRE € FES R (h ER
IKEER—RG RIS BRI K TR .
R 8 157 Ui AL A T 25 RN R /N T B 3% P 2 i AL AP %o
AR, AR SC PR ok AT AR R T B,

1.6 BEAE
iz IBM SPSS Statistics 22S 4ttt %) Fi 4

HEAT S E 140 M (One-Way ANONA), £ LSD
AT AL, 22 B E KRN 0=0.05, Pt
Ap & 7 B HEAT Pearson A0 7.

2 R

2.1 FIFHEYIBEE AR

R RFUHAEY) 6 1] 72 Fh(8), Hrpsk
FEI] AT Fp(E). BEBEE] 10 FPUR). WEEETT 9 Fh(E)
HEET] 2 Fh(B) &) 2 Fh(B) Bl 2 Fh(E),
TS EE DL SRR N . JRUK
TFIFEPIRETE 23597 5 K AE T 72840 (B 1) - 906 B
IR D, SR 1.11 <108 cells/L,
PRPENIERE T, 5 51.50%, H RN W ] 31.60%:;
FREH, VRUFEY) ST £ F] 0.89 <108 cells/L,
A E WS T 1.23 %100 cells/L. $RHUYIAN
Fa e IRETE EE LIS . TR AT, AT e
FREHE BT KPR Y S R SRR S
B, BWTHEE . WA NGt TR R
g5

WD NS P EFRELE, FitEY SR R
EFH(E 2). FREON, Y S E N 2.93 %107~
1.22 <108 cells/L, LA N2P1 4b3 ) =EFF . N2P3
A 78 N1 KPR, AN Pk BE R et )
FEZERAK, TEN2. N3/KFT, PLKRAERE
BEET P2, MimT P3, FUIN. P e, it
TRV AR TR . o W, VR B =F B 3.33 %
107~1.19 <108 cells/L, N3P2 4b ¥ ) = i ¢ 15, N2P2
A%, HoKZ At B00A B % B 7, 1 N2P1,
N2P2 Fl1 N3PL MFREREIG, IXATRERE TR IR TR S
TEEFHAEYIE AR, SRATHEAN T =T, S8
FEH LN FE . Pearson AHG AT R B, $REUH. FaE
WY BB S N/P HAE AR A 35 (P>
0.05).

ANFVEFRFAT, I EY 2 A B s 2%
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Fig. 1 Abundances of main phytoplankton in original water
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Fig. 2 Effect of N/P on phytoplankton abundance. A: Exponential phase; B: Stable phase. N1P1—-N3P3 see Table 1. The same is following Figures.

(K 2). fBEUY, £ NLAKET, H#. 495N
P1>P2>P3, fikit itk A, . SR@EfiieE P
RIS B, 76 N2 KPR, @85l P1>
P2>P3, fif LA, S48 A7tk P2, P3 KT
N1. N3 /KPR P2, P3, RUHELFAL. & NI
i, N KRR E R £ N3 KT, 4%
Ll P1>P2>P3, REEE G LLLL P2>P3>P1,
HE 7 EE T NLON2 K E PRSP Fase i, Al
A N KP4 & EL ¥R P1>P2>P3, fiki & L)
AR, T HEEAE N3 7K F3m T N1 N2 KR
&3, STRE0H—FE, RSB S N KT
PRI, TEEEAEm P T R,

ANE T HA R WA SRR AR E R
(K 3). BN, H— NKFF, PLRIEEFRE
BE T P2, P3; [A—P /KT, N3 K EFEE
T N1 N2, {H N2P1 fFE e, XA iR
ZEERP); Al — N AKETR, SR8 F L P1>P2>P3,
[f]— P 7K T, N2 SR F FE ey NLZKSF R, #E

EEERELL P3>P2>P1, 7E N2, N3 /KPR, &
E WIS, AR N/P R I = B AL SR H0 A 2=
S, HEANFE TN ARE. SEE IR, WEEELE S
N.P FHMEHAEHE, MEEaEs N &P FAEK
Bhf; N PIRFEEMTH R, YRt rEs 4K, H
A EEREE. SHEH R,

2.2 FIFEYR SR

ANFVE TR AT NI A FAF (] 4). 45
OIS, o AR ARy N FREE, OGN DY A
# (Teraédron minimum)F14EZE 5 (Dinobryon sp.); 1M
A B2 A 3500 T2 22 g il FE 9 L BRI AN XU
B, £ N1, N2JKFF, #hi7e G EE bl P3>P2>P1,
FE P2, P3ONEE LARFAFR, T PL ARSBREE & bl
5T NS 1O, N A i e, X
XFHREENIAE N2 K-FH 2L £ N3 JKF, P1
AP3 HIEE 1 ARH A i e R B AT B Bk, 1T
P2 ()58 LOLH M o ith 728, N BRIE £ 4L (Anki-
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Fig. 3 Changes in abundances of Cyanobacteria, Chlorophyceae and Bacillariophyceae under different N/P treatments

strodesmus falcatus). a5 B, XFREZHES 1 s
NIREE, FLUCON S, HETERE, AERALREE
MR A T8 R AU f v . o e
e SHREUIHAR LA BT T, 355 P3>P2>P1, LA
N2P3 Ay K, N1 KFF i se i s 1R AR,
76 N2P3. N3P3 T N 1 ft#Fh; N2 /K7 F P1
P2 BIEE L AR AR A M . R R,
N3 K T2 1A BN B AR, ST

it 7 5 -

2.3 VRUFTE YOI B RR S I 1 2R AL

Ji 7K H I R D CE D s B R A v PR Bl e Tl R
TR PE(APA), N 2.17 nmol/(min mg), FFEHUHA
EMEE T, 235109 32.42 F1146.38 nmol/(min mg),
H BT ER A . 8500, FH— NKF
N, P1F1P2 ) APA FHEAK T P3, AR THI4EH;
BT, [F— N /KETR, P31 APA & PL Al
P2, Ti[E— P /KT, N1 APA KT N2 F1 N3,
TZEHT R, APA 5 P IREEAI N/P A 535 M S
(P<0.05), fE%U APA 5 N/P HIIEL MHAH O %=,
LR J7FEN y=0.0355x+0.5372 (R2=0.348 8), #a5E
JHPI B IE S AR AR =, AT 28 y=0.3719% -
5.3566 (R?=0.890 1)(# 2).

2.4 FIFEY TR ETRERL

WILEI, A B N/PL C/N FiTC/P
3 454, 541 Fl 256436, FREUY S EaE N
i G R B R AE T R AR (R 3). FREUY, XTI
HIEAAE N/P FI C/P 35 535 T A BRAH , 1 e 4 g
1) CIN B EMLTAEA; F— NKPETR, #41i
() N/P f2oR P3 4H>P2 4>P1 4H, & AbH (a2 57
% (P<0.05); #E4HMEM C/P 1E P3 B3 KT P2 Al
P1, H P15 P2 ffj2% %A% (P>0.05); [F— P K
PR, 4 C/N 7E N1 B2 KT N2 A1 N3, N2
5 N3 8] 2 3 ANE 2 (P>0.05). XA 4 75 40 ff
JLRTRES N/P EBATERMENA (K 2), KW
BXCAAEELR L N/PL C/P A1 C/N 57K4E N/P L
EAR S AN .
FasE ], WTIEEEAHAD N/P B35 & T % A R4 4
fl CINAR T % Ab 34, WiEdiE C/P B3 & T4t
BAFATE PL. P2 4, MK+ P34; H-— NK
PN, EE4HAE N/P 1F P3 4115 53 KT P2.P1 4, P1
M5 P2 HERAEFEEP>0.05); AFRLFHEL 2 [H
MY CIN ZRAEZE, ¥MEN 104, Fei
FIREY TR & B S N/P ISR, T
N/P. C/P 5 N/P LB IEZR AR G, 1M a4 iy
C/N 5 N/P HEAHE K (R?=0.001 6).
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728 Achnanthes sp.

Fig. 4 Changes in abundance of dominant species under different treatments. A: Exponential phase; B: Stable phase.

R 2 I APAL AHLTTER B L 5K AR NP Ik Tr 12

Table 2 Linear equation between phytoplankton APA, cellular element ratio and water N/P ratio

4iife Cell JKA& N/P Water N/P R? 40 Cell 7K44& N/P Water N/P R2
APA  F8%UY Exponential phase y=0.0355x+0.5372  0.3488 | C/N  $5%(¥ Exponential phase  y=-0.013x+8.0346 0.0530
Fa5E A Stable phase y=0.3719x-5.3566 ~ 0.890 1 FaE M Stable phase y=0.0027x+10.088 0.001 6
N/P  $5%3 Exponential phase y=0.1772x+9.9069 04751 | C/P  #&5%(} Exponential phase = y=1.1435x+96.562 0.197 3
2524 Stable phase y=0.3096x+6.3192  0.8265 FasE Stable phase y=3.5081x+71.287 0.8356
% 3 TFUHEYIN APA VA T LUAE
Table 3 Phytoplankton APA activity, cellular elemental stoichiometry
APA [nmol/(min mg)] N/P C/N C/P
Tnﬁﬁént TR FaE Eizpve ] FasE EizEve ] FasE Eizpve ] FaE
Exponential Stable Exponential Stable Exponential ~ Stable Exponential Stable
phase phase phase phase phase phase phase phase
N1P1 0.40+0.13 1.8140.25 8+l 745 8+l 10+1 7312 8147
N1P2 0.75+0.58 0.93+0.09 142 14+1 842 12+1 11846 186 +18
N1P3 5.58+0.45 12.06+1.21 2648 2946 10+1 10+4 289+114 316440
N2P1 0.81+0.33 461+1.24 1242 1243 842 9+1 10146 125424
N2P2 1.95+0.08 8.50+3.00 20+11 172 840 842 174482 153+38
N2P3 4.14+0.36 18.92+3.05 2045 272 82 12+1 173+11 352450
N3P1 0.49+0.44 3.84+1.06 13+1 13+3 6+1 92 86+10 128+9
N3P2 1.824+0.46 4.67+1.28 172 1843 6+1 12+1 11811 23747
N3P3 2.40+0.73 38.18+3.25 271 3844 6+1 9+l 172412 39945
SJH& Control  32.42+14.64 146.38 +21.39 140+14 3945 4+1 7+l 632+75 314441
I AL C/N Jy 4~15, B C/P (ALY #E(P<0.01), TH#4H C/N 52 N AbFE2me 51 0] 2

[/1h, #£ Redfield {£(6.6) i 44k #E4MM C/P 1
g ZRBR, 5 P B R LA
FEHOPBELNM N/P iy 7.65~26.85, FaiE N 7.37~
37.83. ZifI N TCERIABTAFE N Al P AEFKF Y
M NANTH], 40 N/P. C/P ¥15%2 P F1 N/P 520 &

TEFEHUY, N A1 P LB A4t iR BT 4R N N AN
P&EAEHEMFI(P<0.01); FEREEM, N KT
AR X ARG 3R B R R BE
AR 24655 I FEE XG4 C NI P& i B 2 S

(P<0.01)(3 4).

i, P ALFE
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# 4 ANOVA #2346 C/N. C/P Al N/P 57Kk N. P Al N/P [k
Table 4 ANOVA test on the relationship of C/N, C/P and N/P with water N, P and N/P ratio
il KA Water A1 AKAdE Water
Cell N P N/P Cell N P N/P
Fe o 0.460 0.930 0.510 FasE iy C 0.08 <0.001" <0.001"
Exponentia| phase N 0004* 0.610 0.540 Stable phase N 0.06 0001* < 0001*
P 0.980 <0.001" <0.001" P 0.76 <0.001" 0.007"
N/P 0.380 <0.001" <0.001" N/P 0.27 <0.001" <0.001"
C/N <0.001" 0.680 0.250 C/N 0.52 0.410 0.840
C/P 0.340 <0.001" 0.020" C/P 0.35 <0.001" <0.001"

*. P<0.05.
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B VA K R 2 BN T g R KA . FERE
KHH(AL H - IR 3 H), KR BRI, /KAL)
BOK, BEFHEEMBE T, DUENIZ SR K
(R AR 5 o B e R T4 ACHIE 9 v 7K EE 7K A DL/ B35
NS, FONEATR P A BRI Ak 15,
T3 N H SR P ORRI AR, k2 DA e &
WS . BFAMNERE R E N, B AT 5
B ANE M RS AE KGR 2 A% b, R v A
YIS B R B SR B A, S5 & B3R
5 BTt

SIEKME, W0 N P LB BB i
FIA K o SR T, VAR A T2 5 NP ER A (12~ 103)
AR, M5 N P IIREA G, XRHKMAE N/P
HA R AR K ME— R R, TR NS &
N. P 4RI EREE G % ERT-28, /KA N/P ELRg
548 7R KM OB 7R B AN P AT DA B 6 AN B A
FEFRIET N BREIEE P IR, (H AR TR N RS
FEEDL. BT ARRREFIT N P RS I B
A=, RIARe S EEMYF SR BT, AR
Pl R T B, X PR MENL G 2 18 55 BEVE SRR
A, PRI RV F B S KR NJP B A S AN B
Z. BT N PEFYFES, Jalf. KR HAh
B IUER (B RESE) RN TT B sL A BRI AE Y A
K, ORI AE K B R R T

TFIEAEPIRTE TR 3R A ALAN N/P LG e BB A
Fhg R . AR KA T, IR XS P £R
o AR L N SR . m N &M Ry
AR IR RE R T X, —J7TH TR 2 #is
Py KBTI OO BFAN N 7848 P BRI RS

H—IEN, FH— A R EY) R S TR 5
(77 RAFAE2ZFBO, X N PR AR A i o FE i
AN P EHETE B R N 2 . TR EREUN
olRa e ], W7 E R N (81.1 mol/L) Bk P (3.3 mol/L)
(8 755 TAERK LRI 4R H . TEFR 8 IR,
e NCZH AR AR 1 AR, (RO R IEANRE P Ik
FEFF a3 N, X RIEAX T P £, #E2 N 31
SRR K . SRERE PR T m=E RGN, SRSk
PERE S P AEE. Ah, SREETE N2 IREE R R
WK, HGEBEL S N & PR EAR, i
BOESTEN N & P A T AR K P IS M ki
FHXSA A, = NG P FREE AT DAL gk fek 8 =F 8 1
m, HESIEE. SERFERRIRAANE, K
FEHEAE NLIWKRFE T 5 HL s & B IR SR L] 3= 2458
Tk S M P U ) 58 S X TR AR R VR P AR R . A
I, ST NJP BRI AL 11 5l 355 S e . [ 5 AE
FE IR IR T TR B RA R L

3.2 MRBFIITA FE TR R W S

IR N P RS K AR B 52 R 7K A4
DE ST Tk R ) A R == 0L, Js K B [T
INABEIBIRZ NS LARSAISE, OO H T HE
ek TRECY BN A58 E R SR BEAEEIR ER )
SE TN IRAL SRR, B TR E B pth Fe B AR
NP BE AT B, A e A DL T
e o R AR X B A U/ 5 HLRT R ) 7 R
Ky ML, DIHEFEBONLS R e AR KBS
RO PRI B . 5 EUKAR,  FIOVRE S5
fz —HIH 7B Ny P ALBRRIZEX A, AT fg
A H T i 7 AR B /NI O K AR £ 8 T B D i
JRBY, P NS P RE (L IE 52 BEMR OK (A B RE R
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NI P 264t T 72 i 4RSS, XM A LER e
ESLE R

WA A MR EUHA N = P R
PR, el R AR, AR ESA.
TS5 S R BRI ARG, T M 2 AN DA s
BA A R ER2 38, FERRSETEHLE A B o] LLdEAT
%0, IR AR KR, [FIR, EREREAEATE P LA
TG WIS FRERIAEE, 1K LI 315 I AR
BRI RCOARRE BRI P 2 — o RO HIREEAE Sy e
TR EZRBF, £ NIREEN 62.3 pmol/L FHE
TP AT, BRI A 48 1)3E NS s S, AE
N & 81.1 pmol/L. P &N 2.0 pmol/L i 5 45
8 1ARF, BT FE AT IE NAICE IR SR ) R A
JEEE AT OB T FEEAEEAR A PRk e A K
RO MR s i A A e S S L A BE IR, BEARAE
B IR PRI 2 R R o (%, AR KR —
SL LR e AN I WE R, I 5 R B B T 4 R
FHABL

3.2 FEUFRE YRR B R I P

AT P IRHIZEAE T =8 APA KA ML FE1L
NTEHUEE, R P R I E IR0, Y)is
REIEEL =1 APA, RIATEIAEY) & r=E AP K
FIR AR 8500, N. P ALK DIP 782, 24
P #:7 T 2.0 pmol/L ) APA BRI, iX 2 RN IE
FRELIIH] T AP 5, X5 APA RREEIHNHI-i% S
MLHIAECR823351, ik NFee e, VRt ) 2
I, BEFRM A B RR £ B K BRI, AR P IAEE
BT PR 25 3 9. DIP 5 UK APA TR ZLIA B — A
BAE, OB T I — SR A B E R, P
WE<0.8 pmol/L I, APA iEMERE, PIKE=
2.0 pmol/L B APA Vi VEZ AT, PRI a] LA
Z KA R APA P R BIE T RE N 0.8~
2.0 pmol/L, B[l 2.0 pmol/L I BEE . X5
SO RIA Fe 285 SRR A

3.3 FIFEYARE TR AR

i IV A L DX PR K 2R IR 0 3 A1 T At b
DX, T e AT -0 A £33 v IR R A R K
DRE IR, A FE K R AR R AR (1 NP LE DN 111,
JEU K AL 40 B ) e SR AL A TH B NTP N 4545,
EIKARE) NIP FFA—3. WEFAMEE NS N B R )G,
JEAKIF IR 2 N/P. CIP %6 EFHERHE RS

WILE AR, 2RI 40 M (0 e R A A — 52
JaE N A RS A MRS e R T
B A E AR R0, MRS 0 2 4 R A R
B, VR NE BRI AR, Reig T B B E
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B2, AREFFRY, FHEY AR N/PL C/IP
SZANIE] P IRFERCIA 2, T C/N %2 N SR,
P IREEN 2.0 pmol/L I, VR AL 2T
iR A T Redfield LG8, Pt 2.0 pmol/L
AR RIFIE M AE K I BOE PR EE . BE4HM N/P 5
AN [) A B 2H (1) 5% 2 I 78 % K P HR R D A B VR 4
MR IS AR, AP N/P Bt 25 Ab B A A ) 1 28
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OB Rt AR KA PR, BRI 2R 1) T 2 4 A
— JE [0 | PN 5 PR T 1) 37 43 4 9L AR 45 — o A % A
5E I PR AS 6,
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(EAR IR T 7 I A A B VR B AR 2B L
AR A, o

i EATR, No P ESINGE 2 e 8t TR
MK, FUEYRRE S P AR 524 KT N
s PRBRIE. UM A DL A R P S I S O T
R A T AR, T UK R 7 A e 0 A
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