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Fig.1 Sampling point near the shore of Penglai
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K 2 (K5 24 b)) FEN K (BRI ) S5 A 7] #1358
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BCF = (Ce - C,)/Cs, Hmh, Ce $8E RIS SR

HEBHMSE,C IS hESEIE SE, Cs 5K
RhESEGEE"  BESSH R RN ES)E
R WA, F LAY RN E A R S R AT L
faiifkk :BCF = Ce/Cs,

K FH SPSS17. 0 R4 3#E 47 5 K 28 Jr 22 43 H7 (One
way ANOVA) 5k ] Duncan £ % [ R iF 47 22 57 1 3%
PESMHT, P <0.05 Sy HA W E 2R, DURF P Fis
FRFIR
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4N FRFE A [R] i BEK M Hh R 35 B 3% 1
IR 22b Uk Y & Kl B KR B & R B (P <
0.05),1% 0. 095 mg/L, FR 5 e 48 /K i Jm 7K o &/ /22
FEAK, ] A (0. 048 me/L) B B AR, Shfg A
SRIEEK BRI £ 5 VDI /K I 28 585/, 0K )5 24 h
DG TR 21 0. 328 mg/L, {813t 7K A (0. 458 mg/L)
IRy, ANEKH) 110 245 . SN K i R ER R I 5
1%, VK (0. 333 mg/L) & TR, M4 /K5 3 h
g (0. 478 mg/L) , 1681t K o SR =B K
RGP W 7K ORI S AR, VDB A & 7K
Tt IR B JCHLIE A (0. 019 mg/ L) [ 3 5, £E45
KJE3 b, JCHURE & AT T =, 213t i (0. 608 mg/L)
B SIZFRFERIAN R b R ST
FE(N/P) 250K, B e & 7Kt i i K ) N/P {E
1, I F50.62 (P <0.05) , Bl Jrh i B it AT, FiN/P
(EIZ AR, 7EER /K LR 248
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Tab.1 Content of inorganic nitrogen and phosphorus and N / P value in different nursery environmental water

i

ERELA N

WAL (mg L™ &H&E/ (mg- L") ey (mg- L")  JHLEE (mg-L°') NPIH
Sample  Sample

Nitrite Ammonia Nitrate Inorganic phosphorus N/P value
code name
WH ANEEIK 0.004* 0.027* 0.154* 0.032" 12. 89"
SL VHUEK 0.004* 0.095" 0.333" 0.019° 50. 62"
YZ1 FHAK 1 0.045" 0.069° 0.478° 0.075* 17.53¢
Y72 FEFHWK 2 0.328¢ 0.062° 0.314° 0. 464" 3.36¢
DC {83t 7K 0.458¢ 0.048¢ 0.176" 0. 608" 2.48¢

W EERTRE a b o d FRRRDKEREE R R — 2500 25 57 B, R IR,
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Hoe Cd Al KRR 35% DL B (3£ 2) o BEFE SRFE N 0] 2E
YUEXTE 4R Cd Al Cr A —@EMERER, b K IFEKS Cd Al Cu U ZB @S #oK)E
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3~24 h,Cd M 0.165 pe/L Hi 7 0.383 pe/L, {5
i B = 35 0.547 peg/L; Cu W | 48 K J5 3 h 1Y
1674 g/ LI BIRATIG 3. 014 pg/L(P <0.05)
FRIE K Cr & & 258 B AR T oMK Fvb gk, H

it TR BN (] SiE 4 WS A RIS 5 Zn 7 77 B0l e P 2 0 3
YA, BOK WIIRE 2 AR (EL, 4K 5 24 h algd T} 2
B FEL(75. 52 wg/L il 28I KK SRR HE ) , 513t
i S AR P i B AR

R2 TRFEMBRKEHFESRESE

Tab.2 Content of heavy metal in different culture periods of water pg- L™
H4JE S Content of heavy metal
2 Sample code  FEFHZFR Sample name
Cd Cr Zn Pb Cu

WH ShiEIK 0.592° 4.71° 31.93" 0.587" 3.223"
SL 7huEK 0.383" 4.44° 41.36" 0.657° 8.371"
YZ1 FRAE UK 1 0.165° 2.40 15.30° 0.993" 1.674°
Y72 FrFH MK 2 0.383" 2.29" 75.06" 1.034" 2.498"
DC IRV 0.547° 2.18" 17.52° 0.579* 3.014"

2.3 AEHSHENEEESEREEYESE
S

ANFIHAR S SR N Zn & B m, HEE
SIRTTE R ERAUK T . HFEET 5T/
AN Cd A Zn Wk EE 22 BRI, 43 B A#E 0.3 Al
6.7 mg/kgld I, T 4 4 B R AN ¥ B AIK, 43 518
0.163 F14.22 mg/kg(P <0.05) (#£3) ., 1EM4FEHN
H Cu FIEL Cr & 35 5 &, 40 3l 3k 3] 0. 74 AN
1.16 mg/kg, Fifi#5 5 & B[] (1) 28 4 52 RGO 34, 76
AP RAR P B AR E (P <0.05) , 4351 °40.213
0. 234 mg/kg, Pb 4 £ & 78 MATH /NS P IR
AbF AR (P <0.05) , 35 0. 025 mg/kg, I £ &
AH RIS SR BN E K

I AR E AR R A, ISR K 2 i E
SR T EEN KK RS SR C, KRB AFH
AR N E 48 A Y & R R E5 Rk 4
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Tab.3 content of heavy metal in different

specifications of juveniles mg - kg™'
é =
i HF4JEE&®E  Heavy metal content
Sample
code Cd Cr Zn Pb Cu
CM 0.315* 1.16* 7.23* 0.174* 0.740"
DM1 0.352*  0.432" 6.79* 0.025" 0.370"
DM2 0.163" 0.234° 4.22°  0.226° 0.213°

®4 TEHNSHENENEERY

Tab.4 BCEF in different specifications of juveniles

é = 2 N

i TR REC BCF

Sample

code Cd Cr 7n Pb Cu
CM 0.82*  0.51* 0.10* 0.17* 0.30°
DM1 0.92*  0.19" 0.09° 0.02" 0.15"
DM2 0.43"  0.10° 0.06" 0.22° 0.09°

RIRBAE IS SR N Cd (15 5 R R w2447
BN Cd 1Y & 5 R 505 5] 0. 82
F0.92 AT KA Cd /s 4 R BN 0.43 (%
4) o MAEHW P Cr Ml Cu 1 HE R Er 3155 0. 51
0. 30 5 Bt A~ A ) 386 R H: 8 4 R B0 S5 R AR, B A
B KRR T4 FIREZE 0. 10 F10.09( P <0.05) , 44E
B AT/ Zn 1) 5 48 R BOMY (A 7R 1K
AW RAME I E L REPEE 0.06, Pb [1E LR
FERRAC TR /NS R Y (0. 02) BRI, T 76 B 48 1 KA
PR, 5 0.22,
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ARXHES 96 h [ BBCIRIE N 1. 65 mg/L, AHf
R, WS RREL FICHUE 5 TR A K (A b K B
PR i 28 R R AR ) i 2 R0 B e A I T AL B
WL RS 2 1 A K TR AT 0 il R 2k XoF
NS REERON AL 9E . RIS E N E 15
KRR A, 25 5 1 RHE A K B 1 K R T
I 7 A R e 2 R IV i P e 25 th, 2 7™ B R
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HRAE A 58 TCHL R W 285 5 | w7 DA B8 o o) 2 1
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$290 d 3, 43 10 m® AKARAY R Hhg Sk
45 kg, B 2 RAa K —Ik, & 4 REN— K B07
PP I TCHL R B HE R 43 3] 5. 08 FIS. 04 ¢/kg,
o A R L B R A IRk HE I 43 A 3. 89
0.28F10.91 g/kg, FEATHEMOK H %8m0 Wk B 1) G
BUBE A RS IR AR , HE AR 5 U8 T JRAT 178 7R b 4s
251 E IR KA F AR B L, Nk
FEFHHEBOK R K 5T A BT H AR T K B FL 3 18 96 7K Al
5 FRAEHES WA, P 57 FR B HE bR o, B 1k 3
BRI & S TR B IR . TESRFEA R, A R
BURB ., (F AR SR 5 MBI BB 4h 2371
A FRIPREE K (A h N/P (B 25 Sk, Wik Je & /Kt
T K N/P A fe s, Bl A 95 5 0 B i AT, 3L N/P
B EAR , BB AT 2 2. 48, FeAHEUK & A
BERVR BE 1) TCHLBE AL RS RR SR, HEA L5 2 5 R &
BEFAL, RN A 5K RS R AR T &
EVERNN SR ITE G2 e BT RN R
Ak B AR R SOR A BOR S R R, AR X
A E A R Y TR IS, B R IR, H
Cd A FERE AT . ARFFEL: T B, BF5E X I8
MK ES B TR S, (A Cu Fl Zn 74— E
SRS, T FR AR A A K B A Zn ARG, AT e 24X
A ik R a2 i) Zn F R TR, JiAh, 300
F7K A Cr ST AN K MU 3EK, il e 5 4h &
FO B B R TH 2 0 A W BFF DL R A G . AR R 4 SR
B SR RAS A SR Zn (3 B (6 3) 1K
RSZR Zn (1) RS 10 E FEE 110 Rk Ak b %
B Zn( D) & a1 Cd (& 5 R g m , AR~
P FEE— 2 IR AT . 55 AR o) 2 1 R A
e, AR ET R Cu FLEL Cr A3 SO 45 R B0
153 Ph [ & BB AW/ INVMR G 2 b B i e I, A
KW RN EE (R 3) IS MEBREHET L

(1) Pb, HORUE W] g =228 . B4 KK Pb
() 2 i SO R A RO B R, T A G &R i —
FAL THARAKY o T ARV b 38 0 ¥ 35 220 mT LA
Ph (R T 7 8 22 WA A 4 HE i
MR A REifE— 2B B 5R .

AN 4 JE TR M BRALPE BN ], AR A A
I B AR RE I AN[R], X0 A2 0 %) B A AR KA 22 57
F5E 2R W, 405 %of 4 8 1Y & SR RE T HE P o Hg >
Cd >Pb > As, ik Cd BAEY 2 F ISR THE
J& Hg .Pb Fl As, 2B AR Hg  Cd 1 Pb 5 4L (1) 45
ARAET S TS A X Zn® T B BUR TR RE
ERL RPIR AR X Cu® ™ [ 3 B T 7 Ak 3 0 AR BE Xt
Cu® " IERU S P 1R B 4% 4 41 rb 1 5 B ol 2
SRR R AR EREGIE T 2 M4
JRAEARFAE LSRN B E RS2 7. 3 P A%
Hizxt Cd MEER B EERTHMEEITER Y
FEHEm TP ESENAEYEERBUKIK N Cd > Cr >
Cu >Pb >Zn, HX} Cd (95 BERE IR, X Zn 19 4
BT R85 s TERRAC T /NSRS 2 X g 1Y) 3R B IR
>4 Cd > Cr > Cu > Zn > Pb  fEHA T KA S h 1K
WA Cd>Pb>Cr>Cu>Zn, A] WHA X Cd E
RREIRGR(FRA) . —IGLHUT A8 AT LA E M
A AR P 3 A DT 2 ) A A i 1) A A
P AR EIE T RS R, XSS
(W) &aEEEE R/ R Cu®" >Cd** >Pb’" >Zn*" >
Cr® 87205 A o 0 2 A T 4 i 5 o AR AL 5 1
I FE AR AR R Cu® > Cd*Y > Pb?T > Zn 1%

HEHLIA frt— e, sRmEE BT AE S
eSS PR T B B E 48 &k Cd** >
Pb** Rtk KNS H R RE T 10 56 R A R IEABF S
F G HE DT, 4 S X R S 4 S B R A A T R S AL
LU AR FRIEA 56, M ST IE R Cd 15 148 7R
AW AR A TR

XTSRS B AT I ) 25 SR R e S
FRE LR P EURA R R SRR . (R AR AR 5
TepLwE RN . 4S8 F WA RS K A H NP
{H 22 8K, IR JE & /K Hr i K i N/P B (50.62)
B (P <0.05) bl 725 AR A AT, L N/P (R
W RAAG , BN AT 22 2. 48 . T4 @ W I 45 1 B, A
RS g SR N EE (Zn) 1 & S35 d s , T 0 4
(Cd) WEEREE THMESE TR, 75455
TR T /NSRS 2 5 4 R B0 Bk 5] 0. 82 1
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0.92, 8 (Pb) 768 & ¥ KA1k W0k &
(0.226 mg/kg) M H A R E(0. 22) Sy di KAH, HoAth
TR & — A THRARK . RS H R F A
[P B, A BITR A Y & R R ETE— 8 £ 57
EYERETY, Ba R AW E £ RPN Cd >
Cr>Cu >Pb > Zn; 7E B & /N A 2 b AR
Cd > Cr > Cu > Zn > Ph 7R A B RAMES S vp K IR
5 Cd >Pb > Cr>Cu>Zn,

AWETE AT TS 1 IR SR R I 4%
SN fe RS B A T IR 4, B
A iE K IRFE K FR i“ﬂ?’ '? PRI AT
e Vg 2 U R B AR
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Water quality analysis of Apostichopus japonicus breeding ponds
and bioaccumulation of heavy metals

MA Yuanging, LI Bin® , XING Hongyan " , BAI Yanyan, LIU Aiying, JIN Yang, TAO Huimin, ZHAO Yuting

(Shandong Marine Resource and Environment Research Institute, Shandong

Key Lab of Marine Ecological Restoration, Yantai 264006, China)

Abstract ; By monitoring the water quality and heavy metal content in sea cucumber Apostichopus japonicus in a aquatic
breeding farm in Penglai, the author analyzed the content changes inorganic nitrogen, phosphorus and heavy metal in
water of different conditions, then the heavy metal content was detected in A. japonicus of different specifications, and
the effect of artificial breeding of A. japonicus on water quality and accumulation of heavy metals were also discussed.
The results showed that in the breeding process, accumulations of ammonia and nitrate were not obvious, but nitrite
and inorganic phosphorus were accumulated rapidly. N/P value varied greatly in water of different conditions, the
highest value (50.62) was found in sand - filtered reservoir water (P <0.05), and then decreased gradually with
the process of breeding, reached 2.48 before changing ponds. The contents of Zn were the highest in A. japonicus of
all three specifications compared with the other metal elements, while the bioconcentration factors ( BCFs) of Cd were
much higher than other elements; The content (0.226 mg/kg) and BCF (0.22) of Pb were both the highest in over-
wintering large individual A. japonicus, but those of the other elements were at generally lower levels. In different
breeding periods, BCFs of metal elements varied to some extent. BCFs in spring seedling were ranked as follows:
Cd > Cr > Cu >Pb >Zn, BCFs in overwintering small seedling were ranked as follows; Cd > Cr > Cu >Zn >Pb, BCFs
in overwintering small seedling were ranked as follows; Cd >Pb > Cr > Cu >7n. The study could be applied in many
aspects of sea cucumber seedlings and regulation of breeding environment, in order to promote environmental safety of
sea cucumber seed breeding, provide a reference for the entire intensive aquaculture regulation and management of the
water environment, and further promote marine economy healthy and sustainable development. [ Chinese Fishery Qual-
ity and Standards, 2014, 4(4) .27 -32]
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