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ABSTRACT

ABSTRACT

To explore the mechanism of algal bloom formation and supply the base da-
ta for bloom formation warning system, in the research the distribution of nutri-
ents and chlorophyll a in sediment were analyzed from January to April in 2011
at Caiziba, Baihuihe, Shuanglong and Dachang. The distribution and circadi-
an vertical migration of algal cells in water were also researched from April to
September in 2011. And we also analyzed the buoyancy providers and their
contribution. The results were as follows :

1. Content of total nitriogen, ammonia nitrogen, nitrate nitrogen, and
nitrite nitrogen changed significiently in sediment from 0. Ocm to 8. Ocm. Con-
tent of total phosphorus and inorganic phosphorus in sediment were highest at
Caiziba. Content of nitrite nitrogen at Caiziba and Dachang were higher than
that of at Baishuihe and Shuanglong. Content of chlorophyll a reduced sharply
in sediment from 0. Ocm to 8. Ocm, but it is not close relation with the distribu-
tion of nutrient. Only in January at Dachang, there was a significant positive
correlation between chlorophyll a content and that of inorganic phosphorus,
correlation coefficient was 0. 87.

2. Form April to September, the blue algal density proportion was in-
creasing continuously, the diatom density proportion was decreasing, and that
of green algal did not change significantly in water. Algal density were extreme-
ly significant correlated with water temperature and chlorophyll a, the correla-
tion coefficient were 0. 97 and 0. 95 respectively; algal density were correlated
significantly with light intensity and dissolved oxygen, pH and dissoluble total
phosphorus, the correlation coefficient were 0. 87, 0.83, 082 and 0. 82 re-
spectively; Algal density in 0. Om of Caziba was higher than that in other water
depth, and in Baishuihe the highest algal density appeared in 2. 0m water
depth in June and July, in Shuanglong most algal cells existed in 0. Om and
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2.0m in July, August and September, in Dachang algal density in different
water depth did not change significantly during of test.

3. Different algal species were found in the Daning River Bay, including
cyanobacteria, green algal, dinoflagellates and diatoms etc; The distribution
of algal cells was uneven, 72.5% ~ 76.2% of algal cells aggregated in 0. 5m ~
4. 0m water depths from 10; 00 to next day 10; 00, but 7.5% ~16.3% of
algal cells aggregated 0. Om ~ 0. Sm. Morisita’s indexes of algal cells were from
1.41 to 1. 97 in day, but at night they were from 1. 17 to 1.55. The vertical
migration was also occurred at 0. Sm ~ 4. Om water depths. The algal density
was not significant related with concentration of nutrient except dissolved total
pHospHorus (r = 0.89). The algal density was also influenced by water tem-
perature, PH and specific conductance, and the correlation coefficients were
0.96, 0.97 and —=0.99, respectively.

4. gupA copies are linearly relate to relative gas vesicle volume, and both
have significant positive correlation; gupA copies has significant negative corre-
lation with diameter of gas vesicle, but repeated sequences of gupC has signifi-
cant positive correlation with diameter of gas vesicle, and has significant nega-
tive correlation with relative gas vesicle volume, appear pressure values and cr-
iticle pressure values. So the results indicated gupA copies control relative gas
vesicle volume though the numbers of gas vesicle; diameter of gas vesicle is
regulated by not only repeated sequences of gopC, but also gupA copies.

5. Gas vesicles volume was detected by capillary compression tubes.
Three gupA copies and a gupC gene transcription level were also detected by re-
al-time qPCR at temperature from 9°C to 33°C. The temperature threshold lead-
ing to gas vesicle volume change significantly was determined by reducing tem-
perature interval. Gas vesicles volume gradually increased from 9°C to 22°C,
increased quickly from 22°C to 28°C, and decreased slightly from 28°C to
33°C. Gas vesicle volume changed significantly from 22°C to 23°C. The change
trend of gupA, transcription level was consistent with that of gas vesicles vol-
ume.

6. There were two buoyancy providers jointly provide buoyancy for algal
cells floating. In the simulation experiment, the buoyancy acting on algal cell

was greater than its gravity at sample ports 2 and 3 of a columnar-cultivated cell
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vessel , and intra-colony spaces was not detected. In the Taihu Lake, gas vesi-
cle buoyancy was notably less than the total algal cell gravity. Buoyancy provid-
ed by intra-colony spaces exceeded total algal cell gravity at water surface, but
not at other water depths. In the Daning River, total buoyancies provide by the
two buoyancy providers were less than total algal cell gravity at different water
depths.

7. An algal bloom prediction model baseing its formation mechanism was
proposed base on the results of algal cells spatial and temporal distribution,
and their vertical movement. The parameters in prediction model were detected
by enclosure experiment in field. Short-term prediction accuracy of the model

was better than long-term prediction.

Key words: The Three Gorges; Daning River; Taihu Lake; Bloom formation;
Nutrients; Gas vesicles; Buoyancy provider; gup gene; Algal bloom prediction; Predic-

tion model
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MEZH Iy, HAMRSRMIEKRHE (Albouy et al. , 2001) . gupA J&— AR~ PEAR 32
WL, (ERIE S LA RS OHLEE (Mlouka ef al. , 2004) . K2 HCSEAIN
BRI A4 A gpd JE IR L DL, R RSN IO, gupd K §E UL BCR I,
PCC7806 Fil PCCO354 JEPELL P 245 3 A gopAd $201 (Li et al. , 1998) 5 224K iE 3
IR EE PCCO901 i HEAT 1A gopA 501, Phasp) & B8V, A REfEgn i 3w i
K, HBE AN BT (Offner et al. , 2000) ; /KAMERPEH 7 4
HRIKA gupA $£ D1 (Bentley et al. , 2000) ; 1fif BC8401 H H &4 2 4~ gupA ¥4 D1 (Shuk-
la et al. , 2004) , gopA LK Z 48 DU JEL DR T R . % S0 O 25 L5 A0 BR 3 20 %
HAZA gupA F UL AR T B AR %ESE (Walsby et al. , 1994) , gopA FERI (1Y
P8 DIEOR A 5 P2 L) & AR AR Gtk o6 R 5 Bt — 20 i g e i

Y R ZROE B D RAEAE— > gopC B2, (LT gopA FEDN R IE, At —Fh
gpC HEH, gpC EHRWE MM EEHREAZ —, ZE ARSI, H
HA K, gopC B2t R BEORSF Y 33 AN E B IR AR AL d 52 7 91 B 2 (Walk-
er et al. , 1983; Jones et al. , 1991) . W5 gopC B A E TR MAELL ST G BB E

y:M - bx
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RS AR gopC E A BARSY EE B A (Shukla e al. , 2004)
TR gopC EARSFIFPIBERE L 7 4k, MAEARRNED FELZ T 5K
(Walsby et al. , 1994) ,

o

L
’
Lo

7

7
L2

1-4 gwCEAS gvpA BELEE HIER

HAT, KT B gup FENFIRIET5 10 A BT T A HE . Ul f IR % PCCO901 A
LS (SpE m™s™") FHEBIEOLR (SOE ms™") I, gupA [k 5 i3t 2 i
A, HHUCEMOCHRIG , gopA BIFERTAE 12 /DI FRRGX Bl iRl 19 15 1 (Offner
et al. , 2000) . JE¥E PCCT601 1) gupABC $Y\ ¥ Eiif A — ¥l i md, 1T
gupA FE L iF Y - 56 HTRAL; J35b— A He sk T JE S SC RNA, 815 T aupAd, 19 3°
A, FHEMR R gopA B, iZF ST RE S HI 55 gop HE P IFe 5% (Dunton et al.
2005) o KA 22 R Oh s M R DGR AN BT R B (Hayes et al. , 1988),
HEADTRVIXFALAIE TS gp FEPRBMEA R, %8m0 Oh 2 i 35
B2 B Wi BE R AL RS e, (E AL B IR AN TS A VBRI B AR S5 N M) A 2
FACHB930 b4kl 7EARFIIAL . SEMEERIE . SRR, BRIRLL K pH (EA1F TS 1
BEUE S gup FEPIRESRIAE IR FEARRI G pH Z&0F T, 3 4> gupA $5U1H1 1 4>
gupC FEN I FOKAFEZE S5 S DOEE 7 PCR 7 IEIESE 1 e FACHBO30
F3 A gupA P5 UL 1A gopC B R HE SR RA S MR (Xu, 2006) .



L3 GRAREEE (FREE) MTRER

B CRRRT ZAHT, KO E RN, AR U A i s
FHATER R SAKSCRE G T, B RESIDKIIMZEER, PIHEEAETE ML
U BEMIAE S AL B AR A s . By B, MR BB B “ L7,
B HA PR — B W ARSI M FE e AR W) B A K A v i S 1 i — 4
Geg . ATDATRIN A AR . HATHRADAR KR h B A R BRI B AR Y i

A AE Y E R RAR S, AT $2 S iy P BRAL S LR W R R AR R RE
MR A M P R, (HIX BB PR R AR S BN B B AR BB A -, T HL X 4t
TR SR S 0 PN 5 0 B A S e B A R A T T, TS e R A B R A

P Tt S AN e 28 AR KOR B A AT B/ Bl —, REPRREE I Z8 10 OB RURR, B2
TEALTR AL G VDK A T 0 A PP (] A F) B BB TR T ] P s S — P ™ 11 L DAY
FEAFAE T IR A0 ML A P, T S 200 T80 R I U 20 00 %) M PR T il 7 1 A ] LA 22
WA

T it 2 40 P PR T o A v i 1) — PR, TG Tl T 2 v 0 B 00 e 1 A8 T R R
J1i, 2 — A A T e A 4 3 P, (LR ke ik R R S T 2
MUE SRR RNIRI ok, A AN B8 IR IR, 0MOTE PRl B R, ERAEE TR
SR FREES TEEVE 2 A DR th A S R U T SE M dE B2 48 A, YO R R
fif (Fluorescein diacetate, FDA) JE—F&iE MCIRIREN, B RERA S HiB 5 2] 41
PN IFTE M N BRI AL R ETTVE ), LD 3 mT LA B e g iy ) 0 AR A, AT
FHRPPAl 2 0 A5 Py A A R AR Pk o TSR A I AR PR | SR B0 A B R 22 e
IO DA ARSI B 558 1 3 B 5 1% o

2

1.4 FRENX

HAT, BEHEFRER TR KR, B ERERINE, WG ke,
VI P A A A T AT AR VR A U, DR A e X X L R T IR . BT,
VAT N 3 B 05 A S (A RV AR H

H 2007 4ERIR, ORI AE T E AR, BN TR TS I
{0 e S 4 1Y P R S RN = € 1 oS I SN i A = PSS R I RO e e i)
RO ETHE, X LEWFE I 1WA s B AR, O T A0 Bl 3 B SR I
$RPE TR, (AR R BB R UG R e (B L =5), T HL i 5
U I N b A of v e S s B 1 B NG R 203 K L3 R N = e o E i
JEREEAEIE B TSR RO TE LRI 5 R BB 23 4 vh 7R SR R 5 IR 1~ X e AR Y
AN o AR —Rh Ay, SRR B A IR, G ) B A A B R 2 R

7
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WA KA, XA L R T A R 5 0 128 8 K T AR EREE 1)
SO, X5 T BT AR X D

R : e T e e 2

[ ﬁﬁﬁnfﬂ@ﬁaﬂ@@a ii_??ﬁJEIZ?jJ%ﬁ/AD

( W — . R AR EL ok ? )

B 1-5 EAERAITIREHRXBRZFEE

= TR IR H AR R BUK R LA, BRXGEER L. R, iz ss
JIR T ERIATGEE, R, 0 R X AR SRR A T B AR Ik
IKIEE K, PEDOKAEEE S . RIIRGE . KA HORE 808 . I A0 S TS R i)
i B IR RE S, KRS R A T B R, JKAE AR IR b A T ARA R
AR 2K BUK TG, PRI R SO TS5 de I, B RN, 1 HL 2 AR
Y, WMHIP M.

HUZ H AR WL =0 5 AR TR LB Y R ERT 5T, X T8t “90" 5 “I8” /Y
WFFE A [R)BE R A4 IR 2 A 5 A% 38 200 M 9 S A3 WE S ARG 450, DR R 5 — Ik I
XS B BEETE LR, AU ORI =0 % X A RAF AR RO H 2, i Has T Ly
JE SR RIS AL R i S K SR B2 M i e 4R (A 4

L5 REHEK

1.5.1 EREX

SR AR AR, XK AR H RAR T 2y N K%, T XK L
IKUINGE KUY HCRE S0« TR R SO TS A A s B I (R S 4, 5 R 32 K
JPEIBDKTRFE, FEEFIR D SO is R e, JR ik siamk o i B i Bl S R e B4,
XA KRR EE 18 A 3 2T R XK RO BT KoK AR S RG24 IR Y i
i, SO BLEAE . SRR AR AE S MCE RIEE, i, MR =k
JE X B ARTE I, D T8 AT Al I T 2 i, X DR =il e IX A 2
PRETHRAT RN IR o



1.5.2 #HEER

KT E = WEIX BB SO, AR IR T AR B, AL TR B AR
)5, WA/KD RE. HE, BWE. MIREHCARIL, WE XA FORAARH,
WA FCRARZE, TIKIRGR 34315 P05 A BL, ZARF- i 9814 SL 0 oK/Rb, J2
RALIAIRY SRR R o VAR, FER T B s G, AR BT 15 OR I e AR
2JEE, RS XA 0 D B R K 5, AR B 5 1R 1) 7K TR ) A 3%
SIS FEAL, PRI KT ) e A T LT A OG5, ATt — 22 13
B BEAR R A8, G A B PR R FE L

1.6 ARANE

AWFFEMRFER LI =k, R 4E G KL T =il H RS2 PRsoRk, 7ERVT I
ANTT T R = 26 DX R 9 B AR T LB 5 -

(1) Rmdgete 507 5 “JR” RREERPTSTE

AR TIEI P R AR SR A HESA. S LR
AHLBERI 2047, At a R SE R Z MR i R R 4G KT R Z el
AEHBLAY IR, PRICBAR S E SR Z M RO R

(2) Ry e K A s 25 oA 5

0 5 8] 2 A A IR A R 1 B A I ) T L A A SRR R R, A
NERG I AT 5 E SRR I AT AR 5 T R WA B 2 A K A b A ) B R R

(3) KT B2 B A4 AT B B8 LS AL TS

T BRI A i 0 FEIRS 2, e A M M A P S A i ) 2 BT RS
RUEE, bR T TR DI P ot A M ol LT R ML, o4 A MO e O RS ML 52
WARER , R 37 T A0 o A1 1 LT A8 1) e A T R AR 1) T REE

(4) gupA W9¥5 DR D2 I U R 6 BRI SE

i AT D2 M gop FEPIRFIE, FEXSA RN gupA 995 DLR, 210 72 AN [R]
AP D A L T SRR, T gupA B DUACS D s MR B R 1]
IIPSEAS

(5) BEARIE S e P 81 7 STHRPIL i A1F 5

S A P AR v O s M AR A, TS D s MRS TR K 2 e 4
NEARBEREFE T 5 08T gop FEPRAEA IR E T 56 5RKF- 22 5%, 7200 T E Dh s i
R LA R E

WRIGEF NI, & I SRR AR BT O R B AR BE N 15 e Ry
e 1AL A JZ B A A 200 M 2 B ) A 5 e H O e AR AR B 77 0 BTk, i X
SR A 200 ) 2 R O 22 M 531 AR J B A 1 0 1) TR



ZUREKCRETERAER EZ A ERR

KT A5

1.7 WHRBH

MRYE R T I 2 A5 5 IR P AR AR h S 40 f R ) 23 o0 A, PR e “JR” 5
ST RREIER R

IR R B AN A S TR B AN 2 A T 3 A B 9 2 M A A s A
(170 AR o

0 e A 6 A M e A0 M AR A A PR B8 23 A, 3 T U A i A L B 1) ) A AT R
yS/KE 8

A A DA 2 LRV AR A M ) 2 B A S, e AR A B 2 TR DL, Xy
P BIAE BT B A R (7 ) 5K o

1.8 WERER

ABEFE R BICNZEIEIR, A B 2 o A )8, SR A MBOA T T A
RBEFE, SRR TR S MR (B 1 -6) o HAREEIT

HCMEMA AR, AR RS2 A0 B A K ] i sl A 5 2= TR e rp S &2 95 0]
I BRI 25 20 A 5 R ER G T IR S /K AR B A A b 28 A Z TR R SR R
TEICIER b o SRR K AR b ) 3 BT R 08 S e MBOWA BEE T, 0 #r
WK PER TR BT AR, i D s A0 358 AR  200 1) 2 B2 19177 T ) 3 3 240
JAE S Sy R P PR SR

%
=

B1-6 AHRKDE
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[ S R TS L ]

ﬁ
il
]
i
5 - -
i
AT TR EY
y ilr v
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|
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= IRZEPCR AN ER AF WA RHR—UKRT T A

F_HE —KRERATHS
nTEREEFLZNX Z

2.1 5|8

AR, REFREEEEF™E, M RARRRE, EEEN A%
SRR RIKRIKZ S (ZA8, 2009; fLZEH, 2009; FABPHE, 2011), kT i sse
%, BREEFANDEAERNIE BB T R AW IRR, 5 RN, ey
JSEATT LG I 4 AP B 8. "Zon. AR (FLZH, 2006, 2009) .

JEG U )35 200 6 437 Xt T R A e A i R O I Y, AR, T
BERAE TE K FE A PR Ve R, O KA BE L PR B R (Reynolds 1976,
Topachevskiy et al. 1969) , 15N Fasg M R Z/REE T EEIESS, B 2K ai &
A TR BE K AR =R UE TR UE A AT IR (Preston]980) . Reynolds et al
(1981) A AAEAC VR I 2 e 0 A BK A B A B, K AR AT B R Ry KA
W R AR TE, [H2 Verspagen 5 (2004) DA {3 358 IS U8 2 7K vh i) &2 75
JE—ANH TANR K s AE Y3 sl BT 7= A 0 PR TR A sl R . 2 (i S5 1 43 Ak
ARV BN T 23 oA, TN AE S A 1 R R M AR AR RS (Mg, 2009)

B2 A SRR E SR BV R JEEUHI S (2000) 8456 R I 32 223
IR A IR RS BIAT T 0. BERH 200 T4 K e S
FEERM SRR S, VLA T EFRBE SRR MZEN LR, REWL
BESM R RE 2 AR BEMKE (4, 2009) .

SR EEE KK, SRR, WU R #E, 2009), X
TSP B R (ROBRE, 2005), SEUKEEE EA T, ) TP L AR
(3K, 2011, 2012) , RFWJEZEEX BEN LG, RESNRX—/ N1
FIRAETTIA, TR K X B i XA SRR AR B, R JRORIAT %€, 86 V
B (RJENE, 2005; 5Kk, 2011), BRIRFFIEIFA—2, &5 ER T AL
LK EEse (akokAE, 2012), (HR X T S48 A IR 2 465 R R T I TR 38 AN 151

12



BE ZREXKTTEMEABESREEFRBNLR

A, I H BT A BT R T IRIEE IR A AR SCHGE, ik, Shik—2E
FER T Rt T LB 57 A6 T AR L ) SR BB IR R, T KT
TG FRER I AT LGB TR 35 BEAN 0 A 5 R AR O 2

2.2 MBETE

2.2.1 WRHMAE

AHFFEREFE =W XK T 4 A HAT UORPER AL AL, ek 7, B
K BIERRE (F2-1) 0 S FHUER TS0 -5 KIT TR STAL, K
WEAT AR L1 B SR X 3T e, SR R R T il T8 A DR s R R T
pimRE iR R R SR /i o SV T TE A A S I SRR R ¢S NS R B B
DLy BORURE s R WA I, PR O A B BE , TRy VT e, R
W N UPRR BB AT R BB R LTl UL, FKR R T A [ K b i X I8

i
7K ]
Tk
05522 44 —
R K
5 RHESS A
N Tk
A T 028 112 224

B2-1 REREZBRERMMBMETE

2.2.2 BRAhRAEE

TR B IBORE 7 2007 4F 12 A W6 H BE RMUBSAE BLR,  1 LS S i 4¢
WA e, BPANRIRIBRERES T 2011 45 1 ~4 AT, BHERE 1R,

13



= IRZEPCR AN ER AF WA RHR—UKRT T A

FHINAE Sy 60mm 3 B E S HEPRCRJEAS RARTRVRAE A, HRAE IS 2 ZOR UL
JIRVERS 3 AR, A DRIRAR I BUIRAT o FERE A SRAE RURSE =P AT R, Tl
TEL R PUE I E

2.2.3 =R %

MR SR, AR, WHAR. BB UG PUBE SR =M E, K
O A SR A ) P Ao A R O A 55 AN o (GB/T 11894—1989) , filiiR
RN R FH A M e 6B v (HI/T 346—2007) , IV fitg i £k 20 0 I 52 F) 43 5%
JEHED: (GB/T 7493—87) , 4 45 S 1 FH 49 FG il 70D B 3% (HJ 535—2009) ,
SV P00 5 AR P Ao A R U A B R B Ay O L (GB 11893—89) , JLHLE Y I
FIFBESHEE L @ik (SMT) , A HUBS I FI B SHIE L @ik (SMT),

2R 2 BIME . FREL—E ARG IR R AR, , TEAXTEHE, RIS iF
B U BRI T, A 90% DN TR W 2mL, AF40IAFES Smin, #7555 10mL H
FEELLET, TACHRBE &AM T#E 8 ~10h, 4000g (W # .0 Smin, LGS
Z 10mL 8T, G 90% WEEAZE 10mL, R T E a2 ok

2.2.4 FiEAIE

FAERVAHSCAR PRI E B AL 3 W, BUHF4 5 SRR B AT SPSS 16. 0 4b 3,
P <0.05 N W&, P <0.01 WA w8 AR

2.3 #R

2.3.1 FURBZESH

2.3.1.1 E&

1—4 1, TP 0.0 ~ —2.0em Z[A] 1 SR & & 4 1215, 1186,
1276 F11198mg/kg, Hoig i 3 & FHMRZHZc R T &, AT TRER N,
I E GBI TR, VLY —4. 0em ~ —12.0em Z ], BAITCEAA B2,
M =12, 0em ZITHR St LB A, 78 - 16. 0cm L FRUGE RN TS . HAS =47
A 849 831, 876 1821 mg/ke, Bfifm Ho IR M R%,

1—4 J, FKmURY /O 2R & i e 00 & HIAE - 16. 0em b, L&
G31R 1042 994 964 F1942 mg/kg, F KA BLTE —4. 0cm 4b, H A 535
7920, 906, 932 1906 mg/kg, —4.0cm ~ —12.0cm Z ], MEITCEAA L E,
-16.0cm ~ -20. 0cm Z[f], SAICRZBMBAEE .

1—4 7, SURATTRRYI BT R & #E F 43 7 7 609 ~709 mg/kg, 604 ~701 mg/
kg, 604 ~688 mg/kg, 629 ~698 mg/kg; KEATIRYIEICE LRSI HITE 641 ~812mg/

14



BE ZREXKTTEMEABESREEFRBNLR

kg, 632 ~720 mg/kg, 606 ~701 mg/kg, 651 ~714 mg/kg, WA Ab LA 2 19 AT
RESARE, RELVFYH -12.0cm ~ - 14.0m (& 776 1 H 4355 812 mg/kg,
HAH M REEY& 2R R ERARE. (K2-2)

S A (mg/kg) S A (mg/kg)

csssssE88¢E 8 csssssE€88¢E 8

PR i B PR e B
72_ 72,
—4qL - —4L
—6F i —6L
—8 —8+
%\—10_ E—lo,

2o e B2 - T
= e —~— Fki S 14 —— Ek
—16} -~ W —-16L —~ W
—18] -+ KA —18 -~ K&

—20+ —20L
22 —22L
—5 ~ 5
S A (mg/kg) S A ((mg/kg)
2323 E88¢8 8 22238 E88¢8 8
R N B o m TS E S == 2
Ll
_l
el
_87
—10L
Q(*lz_
-
—16L
—18L
—20L
—22L

B2-2 REVPEREHSESH

2.3.1.2 AR

1—4 H, ZFMFEY 0.0 ~ —4. 0Ocm Z [ A&
~2.0 ~ —4.0cm, 43y 58.32, 58.08., 58.31 fi156.32mg/ke, A4 EMNE AL
4 A h IR,

1—=3 7, AKEPIERYH 0.0 ~ - 2. 0cm Z A & ik, HE& w5500 24.3,
25.2 1 28.3 mg/kg, %2 4 A E A& &N 30.2 mg/kg, 4 ARty h

AR, HEm T

15



ZUREKCRETERAER EZ A ERR

UK T3 A 1

—140.0 ~ -16. Ocm Z[A] 2 A& & R fk, O 28.4 mg/kg, 4 A H P GIBILE 0.0 ~
=6.0cm ZPZHP AR FREM BT, K -4.0 ~ -6.0em /3P &R &
53.46. 53.13, 42.28 fil 46. 83 mg/kg, H & H7E A ZH AR E, BT
29.42 ~42.19 mg/kg,

1—4 7, XURALTURMHAAE - 12. 0cm ~ — 14. Om 732 H1 5 40 mg/kg, HAth
NERRGEERALE

1—4 H, REFE 4 ABHER, DU T & R8P 24 & 5 8 20 il Oy 40. 18,
39.99. 40. 11 F139.20 mg/kg, ([&2-3)

A /(mg/kg) A/ (mg/kg)
o020 30 40 50 60 70 80 o020 30 40 50 60 70 80
_2 L _2 L
,4 L 74 L
,6 L 76 L
8t -8t
E -10+ E -10t
t - r — t - . e
B ~—m 12 S
141 —— K] 141 —— K]
-16 — X -16 - X
-18+ = j(E, 181t — j(l%
20+ 20+
2ot 2ot
—H —H
A /(mg/kg) A/ (mg/kg)
o020 30 40 50 60 70 80 o020 30 40 50 60 70 80
,2 L 72 L
AN ol
,6 L 76 L
_8 L _8 L
5 10} 510}
W -12 L W -12
% 12 k. % 12 T
T ol4r e =/ < e s —— 7K
-16 — X -16 — X
~181L = j‘% ~18+ = j‘%
20}t 20}t
2ot 2ot
=A P H

H2-3 REFEANIESH
2.3.1.3 AR
1—4 H, EFNpiRy 0.0 ~ -4 0cm Z A AR 2 EIHES, Hiw
FAALT -2.0 ~ —4.0cm, 43517 403. 19, 399.40, 392.97 F1399. 81mg/kg, Bl
UURWITREESE N, FL BB - 4.0 ~ - 20.0cm I} 2, e THUAE 4 A HURE

16
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SRR A ORI A A, 191,02, 189.24 . 196. 17 F1 192. 74 me/ke.

1—4 71, FKMTRRPITE0. 0 ~ - 6. 0cm 73 JZ IS A& REH EIHES, H
F—4.0 ~ —6.0cm 4y Z &R E N 364.02, 331.83, 339.43 Fi1 337. 81 mg/kg;
BEEDURPIIR B I, FoE BB, HA o E PSR & A .

1—=3 7, BUBTURYITE - 12.0 ~ — 14. 0cm 73 J2 HH Al 25 A0S & ey 272. 61
245.43 1 263.84 mg/kg, 4 AMHBESARES TEIE -6.0 ~ =8.0cm [} JZHFH
198. 03mg/kg,,

1—4 7, RETIHRYTE -8.0 ~ ~10. Ocm 73 JZ P A S A & 2 ey 31118,
295.31, 302.36 #1307. 53 mg/kg, HEHAbITZ P IS AR & AR B2 7T
Fo (K2-4)

7

TR A/ (mg/kg) iR A/ (mg/kg)
100 150 200 250 300 350 400 450 100 150 200 250 300 350 400 450

—H —y|
fiF R %/ (mg/kg) iR A/ (mg/kg)
100 150 200 250 300 350 400 450 100 150 200 250 300 350 400 450

E2-4 REDPHBESESH

2.3.1.4 TAAL
BT 3 Ay, RFIPIEH 0.0 ~ —4. Ocm 2 [H] VA S R B i & i o 132,58
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134. 61 F1126. 34mg/kg, 3 H 4y, UiFY 0.0 ~ —2. 0cm Z [B] (0SS R e = 7 i,
130. 04mg/kg, —2.0 ~ —4.0cm, WAHERER & R REAL; HAhy )2 & &8 AR
B,

1—4 A, FKITFRPIAE 0.0 ~ —6.0cm 42T A & & 28 LT,
Hib 4.0 ~ —6.0cm 432 & B 4 120,53, 96.27. 100.21 F1 117. 84mg/ke;
BEE DU RGN, LS i e, s 2 E SR S e B3 .

1—4 H, BRI SR & A RE, 78 -12.0 ~ - 14. 0em 432
WASR S HRE N 92.42, 91.29, 94.28 Fi 89. 94mg/kg, HAt/r 2 F SR &
AN

1 H, REJEWITE -8.0 ~ —10.0cm 43)2 HH IS A A & e o4 100,45 mg/kg,
2—4 A, 1E -10.0 ~ — 12. 0cm 4322 o i 0 Al 25 80 & 5 e 55 o 102,73, 101..02 Al
101. 38 mg/kg; fHJE0.0 ~ —2. Ocm 202 RS A A it iefi, (B2 -5)

il

AR A/ (mg/kg) WHEER A/ (mg/kg)
{060 80 100 120 140 160 180 {060 80 100 120 140 160 180

AN

~ T
- —— HIKH
i 4
i — K5
—H —H
AR A/ (mg/kg) WHEER A/ (mg/kg)
040 60 70 100 120 140 160 180 04060 70 100 120 140 160 180
_2_ _2_
-4 -4
_6_ _6_
,8, 78,
E -10t g -10t
B -12 1 B 12| .
212 ~xrm BV ST
T ol4r —o— 7K “l4r —e— K
-16} —— X -16} +5<X7EP:
=1
-18+ RPN 18t P N=]
20} 20t
2L 2L
=HA 4 H

E2-5 REPIHBREASEDST
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A5 — =r

g_=

ZREXKTITRM RSB SREEFHENXR

2.3.2

2.3.2.1

IrER AR

BT ENSH
SR A
1—4 [, SEFHIEY TSR AR &
4 A BRI R 0.0 ~ —2. Ocm 1y 5B A A,

AR b At 3 AN HRURE A X R
el

785. 11, 763.68. 772.12 F11767.90 mg/kg, —2.0cm ~ —20.0cm 443 /2 H (1) S &
WEARE . 1—4 JHHEAM 3 DERE S DT Y & 50 2 0 BBk A 2 7 A B2,
IAEEH KWL - 18.0 ~ = 20. Ocm 2Z [A] G B 2 5 AH X 48, T 512.94
498.76 . 488.37 F1493.57 mg/kg, (K2 -6)

&/ (mg/kg) S (mg/kg)
020() 2?0 3(?0 3?0 4(.)0 4?0 5(,)0 5?0 6(I)() 650 72)0 7?0 S(I)() 8?0 9?0 0200 2?0 3?0 3?0 4(I)0 4?0 5?0 5?0 6(I)O 6?0 7?0 7?0 S(I)O 8?0 9?0
,2 L 72 L
4} 4t
_6 L _6 L
,8 L 78 L
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2.3.2.2  RAE S

1—4 H, XFIMPLEYH 0.0 ~ -2.0cm P TLHLBE S & femy, A 497.68,
469. 16, 483. 42 F1476.29 mg/kg. T —2. 0cm ~ —20. Ocm &3 2 1 TCHLIE
SRR E, AR T 324,25 ~ 389,80 mg/kg.

1—4 H, FKMURY b e Ry 5 58 205. 11 ~241. 27 mg/kg, AT
T ICHLBE & i 191,77 ~224. 37 mg/kg, RETURYIH ICHLBEIY & £ 168. 43 ~
211.09 mg/kg, X 3 DS DO H &40 2 0 TCHLBE & i AR IR AR ., I H
X 3 ANHURE SRR b 45432 B ORI 5 1 33 LU S 3008 X0 g 43 J2 06 2= & A1k
(K2-7)
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