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Migration and distribution of *Zr in a simulated marine fishes-

seawater-sediment ecosystem

SHI Jian-]unl » LI Ming—Yunz (1. Institute of Nuclear Agricultural Sciences, Zheprang University. Hang-
zhou 310029, China; 2. Department of Oceanography and Fisheries. Ningbo Univesity, Ningbo 315211, China). Acta
Ecologica Sinica,2003,23(2).330~335.
Abstract ; The isotope tracer technique is used to study the dynamics of migration and distribution of *Zr in
a simulated marine fishes-seawater-sediment system. and its dynamics is described mathematically using a
compartment model with a non-linear fitting method. The objectives of this study are (i) to clarify the
behavior trait of *Zr in marine ecosystem; (i) to evaluate accumulation and distribution of “Zr in marine
fishes; and (iii) to simulate the dynamics of #Zr in the marine fishes-seawater-sediment system based on a
closed three compartments system model.

Three glass pools with dimensions of 40cm X 50cm X 40cm were constructed. 12. 5 kg of sea sediment
was filled into each pool. And sediment depth was about 5 cm. The pools were flooded with 42] seawater.

Eleven ml. of *ZrF, with a specific activity of 9. 02 X 10°Bq/ml was introduced into the seawater after one
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week. The seawater was stirred gently to get a homogeneous distribution of radionuclide. The radionuclide
specific activity in seawater was 216. 9Bg/ml. Seven marine fishes(Bostrichthys sinensis) were put into each
pool. Seawater was added with intervals of 3 days in order to maintain a constant height of seawater.

The samples were collected at the elapsed time of 0. 25, 1, 2. 4, 8, 13 and 20 days. Four 5 ml
aliquotes of seawater were randomly collected from each pool, and disposable plastic cups were filled with
them (20 ml ) for activity measurements. A marine fishes was taken from each pool. The fish was divided
into fin, viscera, liver, gill, skin, meat, bone, head and roe. and each part was weighed. They were
afterwards cut into smaller pieces. Twenty grams samples from each part were put into the disposable
plastic cups for measurements,

In the meantime. two sediment columns were collected {rom each pool using a sediment sampler.
Each sediment column was sectioned into two equal parts, and each part was smashed and mixed
thoroughly. Afterwards 20 g of sediment samples were put into plastic cups for measurements. Every
sample had 3 replications.

The ®Zr emits B and Y particles when it decays. Those were measured with a multi-channel Y
spectrometer (model BH 1224, Beijing Nuclear Instrumentation Factory ). The counting error was
controlled to be lower than 5%. The counting data were calibrated with counting efficiency. dead time.,
disintegration and any other factors.

The results showed: The specific activity of ¥ Zr in seawater decreased rapidly with time due to
precipitation, adsorption to sediment and uptake by marine fishes, and its half life was only 0. 2 day. Most
of ¥Zr in sediment was found concentrated in the surface layer, and the specific activity of *Zr in lower
layer (2.5~~5em from surface) were almost in background level. About 99. 5% of *Zr in sediment were
found in surface layer in later stage (from 13" day to 20" day). It was indicated that *Zr in seawater could
not readily move downwards with percolating water after remained in surface sediment. The main organ of
Bostrichthys sinensis to uptake and absorb *Zr was intestines and stomach (viscera). *Zr that absorbed by
direct contact with seawater concentrated mainly on the gill and fin. The specific activity of *Zr in meat,
bone, liver and roe was relatively lower, which were only slightly greater than the background level. It
was indicated that *Zr remained in intestines. stomach, gill and fin could not readily transport to inner
organ such as meat, bone, liver and roe.

A closed three-compartment system model was applied to imitate the experimental data. For dynamics
of specific activity in whole fish, seawater and sediment, it could be described with the following
exponential regression eqguations respectively: the spectfic activity of fish C; = 0. 05 — 6. 36¢ ™ #4/% 4-
6. 61 %% and seawater C, = 215.42¢ ¥4+ 2. 007" %%, and sediment C.= 143. 86+ 14. 83¢ #4¥"% —
158. 69¢ ™ *°** were gained. The results of analysis of variance showed that each regression equation can
described the dynamics of accumulation and disappearance of *Zr in fishes-seawater-sediment system
preferably.
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RFFRSZr BB RYEPELBREANNAGREEA-BK-EREAZPHNIBEHEKIS . EALE
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EMESN. SEEESZr GG KESREPHT IS EFELEMEANTIBRBR, Hith™
Zr st & A SR EAH TR R EKE.
1 HEENE
1.1 R EGRE. BKABEAL

(D¥Zr0, b B FREF R B R A AT BRAMARE K. WIEER 2. 284 X 10°Bq/g. AL B E
KF 95% RAMAEARBRUIE AN 1. 23X 10'Bq/ml(2000 4 6 B 20 HIH*ZcF, . BB ZIF,
B L 1ml BB ZE 15ml BILEE RN 0.02X 10°Bg/ml M%Zr KFW. ()G HEERRAWIT THRRWLE,
HHZERT R EBRARS LS 0 B, TEEMAER K. pHOKE)8. 5, F HLK 8. 0g/kg , il
13.9% 30 61. 5% BV AL 24. 6%, (DWARB THE S M EEHE N 28,4% 2 419 K i | 633K /Y LE B AL
WL IR.6RAEAKEE., (AOPHEL KM (Bostrichthys sinensis) , — M M BRBLEKEX . GREEYH
130~150g M THEAF¥BHSKZRBHE. ARHE0CERFETIE LM, LUEMERKFH.
1.2 LRHEK

ZE 3 B 40cm X 50cm X 40cm WRE A, EMAER 12.5kg. Tt EEFEH S5cm, B HH# A 20 R
$23mm X 50mm PHE T+ B, EFAEREFE N 8.6 NBAEARABRE . BEMARSEKEANEZR(E
AEXR42L), BE1RAE. T 2000 6 H 28 HEHFIALLLTEEN 9. 02X 10°Bq/ml (2000 £ 6 H 20 H)
B9 Zr KR 1iml MR AL a0 o, 3 S m e g R B (2 B 8 0 4 % Zr B AR G K F B
S H IS BEZT N 216. 9Bg/ml, [ AR AN A& R HUKBE 2 20ml(3k 6 DKE) . R EE MR TEL MM 7
B BMARPAEE KBEME2022C HAXRSELAKSEEL . BRER 2 KAEARATEAET L
FIETEEK., RRPEEMR 3 iK1 KUEFKEEERPES HFFERRSEMN th mKERHFE,

F5Zr I A 0.25.1,2.4,8,13 F1 20d R#¥. BEEAHER 4 & Z5REE K Sml, G H Gt 20mDE
F ¢75mm X 110mm H—KEEHMER T SHENERA | B AR KPR AR KER EZRE K K
HERT A . E A B . AHanREHE MM, 2NFE NERR 200(B VY
BUREFIBA-KEYHNER P SRRBALBUEERLEF 2 L. EREEB2NLELTRE . BEERER
DPESER 20g AREANERPFUR. SREFERITEE.
1.3 WEEHENRFE

“Zr RAT B AT Y SR HHE o4d BT TS N ER A BH1224 B HL- 208 — K40 BB 35 X (AL A X
BT I Y 4. AR A E A 670mm Nal QL EREHREES S, MEBDRAAE
) $75mm X 110mm I —KEBHNER EXETHEHENAGEL LA FHANNENEERZME
R, GEF AR R A — B, Bk T/EEIE 623V, #fH 0. 28, HE — 1~ (240~ 300
HEOEFITEUR MBER2KPER ANE FEEEFRREARESOB T EEE A RREE
HESUUA, MARSERHYXERNE.UBLESB T KORELATMEMKIRE.
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MASAERRRERD . D AEAKBEAULH FRERMMBHFaEERE R 2), B BE#EA KT
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§ 5B 99.57%~99.68%, EWKHEFAKFHZ M EERERK A HHEBRKETIH.
2.2 “Zr P HBRRSAAHE N1 PZrEXKAKRNERFHREEEXLNE

“7r FRAREHUPHTHIERRZ, Fegk Table ] Dynamic change of **Zr specific activity in the
: N N e 4 03 5 M K K p 3 A AR Zr ()  Seawater and sediment
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0 35 B 2 0. 25d 35 A K (B - T B 9] 2 38 o e g T [P seawater (Ba/m)
TR, &4 KEKMLEREAZE, AT LAY E 0 0. 00 0. 00 217. 42
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Table 2 Dynamic distribution of *Zr specific activity in the fish

i} i8] &4k (B X Fish(resh weight)
Time(d) # Fin MM Viscera JF Liver M Gill & Skin B Meat B Bone 3k Head B8 Roe

0, 25 B. 68 7. 24 0. 66 160, 42 1. 27 0. {1 0. 05 I. 86 -
i 4. 51 4. 62 0. 17 89,79 0. 96 Q. 0t 0, 05 2. 21 N 0o
2 4. 05 1. 86 0. 08 13. @7 0. 53 0,03 0. 06 0. 52 0,16
4 2. 87 2, 22 0.16 10. 18 0. 38 0. GO 0,11 0. 56 0.15
8 1. 13 1. 22 0.13 6.73 0. 24 0, 00 0. 09 0. 37 0, 17
13 0, 27 0. 69 0.12 6. 38 0. 24 0. 02 0,17 0. 26 —
20 0, 30 0. 45 D. 04 3. 54 0. 21 0. 03 0. 15 0,16 —
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lﬁﬁiéﬁ*miﬁf’:iﬂ]ﬁa Where, reg. means exponential regression curves; exp.

means experimental data
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%3 EXEPLr EEEHEARNE DB/
Table 3 Dynamic change of **Zr specific activity in each compartment

S48 B} 1E Time(d)
Compartment ¢ 0. 25 1 2 4 8 13 20
f Fish 0, 00 5.92 2. 99 1. 37 0. 94 0. 60 0. 36 0. 31
# X Seawater 217. 42 4. 28 3. 68 1. 62 0, 50 0.22 0. 06 0. 01
# % Sediment 0. 00 2.08 9. 33 10. 39 45. 95 85. 35 140. 01 143. 34

N4 K-BK-ERRERZr (IMKBHENHA TR

Table 4 Fitting equation of accumulation and disappearance of *Zr in the marine fishes-seawater-sediment system

DE HeErE EFERAFTOD EEX M
Compartment Fitting equations Confidence Jevel Confidence interval
fi1 Fish Cy(¢)=0.05— 6. 36e~ 3-427% 4 6, gl O 268% 95 Cy13. 38
WK Seawater Co{t)=215. 42¢ 3427442 Qg ™ 2582 a5 Cw240. 24
M % Sediment C,(1)=143. 86+ 14, 83 0-3- 4274 158, §9¢ 02682 95 (5359, 40
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