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Abstract

Selenium (Se) has the effect of promoting the growth of aquatic animals and enhancing their anti-
oxidant capacity. As a typical benthic organism with exceptional trace elemental bioaccumulation
capacity and significant value as live feed, the sandworm Perinereis aibuhitensis demonstrates
prominent potential as a selenium Bioaccumulated carriers for aquaculture. In this experiment,
sandworms were immersed in nano selenium (Nano-Se) and protein selenium (Pro-Se) at concen-
trations of 25, 50, and 75 mg/L. Temporal variations in selenium accumulation, sandworm vitality,
water quality parameters, such as total ammonia nitrogen and nitrite nitrogen, were measured and
analyzed over 48 h. Further exploration was conducted on the bioaccumulation effect of fresh and
frozen sandworm for two selenium sources. Results showed that: (1) The highest selenium bioac-
cumulation (26.28 mg/kg) in sandworms was observed after 4 h of immersion in 50 mg/L Nano-Se.
The highest selenium bioaccumulation (11.93 mg/kg) occurred after 8 h of immersion in 75 mg/L
Pro-Se. The selenium bioaccumulation of Nano-se in live sandworm was higher than that in frozen
counterparts, whereas the bioaccumulation of Pro-Se exhibited the opposite trend. (2) When im-
mersed in 25 and 50 mg/L Nano-Se for 4 and 8 h, the selenium content in sandworms was signifi-
cantly higher than that in the same concentrations of Pro-Se groups. However, the selenium content
in the 75 mg/L Pro-Se group was significantly higher than that in the nano-Se group after immersing
for 8 h, and the bioaccumulation rate of Nano-Se was higher than that of Pro-Se. (3) Mortality was
observed in sandworms exposed to 50 and 75 mg/L of Pro-Se after 16 h of immersion, whereas
sandworms in all concentration Nano-Se and 25 mg/L of Pro-Se groups showed no significant
changes in vitality after 24 h. (4) After the addition of Nano-Se and Pro-Se sources to the sandworms
culture water, the concentration of nitrite nitrogen decreased, while the total ammonia nitrogen
concentration declined within the first 8 h but subsequently increased.
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2. MR ER*E
2.1. #H

SIS T i B BB 2 T WL AR & MR VBV IR A, AMATE Y 1.88+0.25 g S50 FH 4K ANIA
H LR 2 SR A PR A R (& 8A 2569.52 mg/kg), AR A FF A0 g 0 U5 5 1 TR R 4
PEHET & &N 6500.00 mg/kg)o

22. &k

2.2.1. BAMIERENSENEPHESRHAR

BN EE R T AR R 2d, HAhnN 3L #8030 MK, = 30°C, & 24h #ie
K=o ENXEH 1.5 L FERE, TN 1 LK. 8B YRR EE s iR s i s ik B2 8 0 Ot
HEZH). 25, 50 1 75 mg/L, BA&E 3 44T, BAFATHON 13 R, 51 RIFMXUA B & . S0
WA K, FEERA, BT, 2007 0. 4. 8 F 16 h BUNIG VD &FEA, UREEZE 10mL &
OEN, BT-40CUKFHRLE.

A, AR T VR RS XU R 2 A [T ) SRR, 4 I A 25 R 75 mg/L IR AR IR IEAT
RS, JET 1.5 h A 45 h BURE, B T—40°CUKF R . GEAEMFE MBI SUENT R AT e 5 8
GB5009.93-2017 H HL AR & 45 B 14 BV AT 5E

2.2.2. FRFREEES & B &S SRR
SEE VR L, 43 HI#E Ohy 4h. 8h. 16 hy 24 h A1 48 h XA EVP NG 11, S RARHECE 1)
HEAT VR .

Table 1. Evaluation criteria on vitality of P. aibuhitenss
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T Wk VIR
Vitality level The state of P. aibuhitensis
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2.2.3. FRINEMERE Wik B ' FEKERNEL

S 7% b, A3 HITE Oy 4h 8hy 16 hy 24 h 1 48 h BUKKFE . SR YSI 2 240K T 437114 (Professional
Plus Model 550A, Yellow Springs, USA)IE KFEIEREE . 7K, A3 EHE pH 11 (Model PB-10, Sartorius, Ger-
many) Ml 7€ KFE pH, KA IRV AMIEDNE TAN[19], RAHEZR - BEOLEENE NOS-N [20].

2.3. ¥iEALIE

B SEBR AR LA IME + KR ZE(mean+ S.D.)E R, KH SPSS 25 BAF AT ALt 40 #r. il S
W5 71 B BB SR F B R 75 2240 BT (One-way ANOVA), i 5E [ — I 1] AS [6] kb B 4H 2 [A) J& TR ARAE 2 57,
YR BLSARZE R, e FHME A 2R, B Duncan /3T B2 2 B ILE . SRAMOIFEA T
R AT T G A VR XA BV A il & e . BB MK PR 0.05. A Graph Pad 10 #1424 .
3. ZREHH
3.1. AMERENSEPEPHNEEHAR

AN TR A JEE T R TG 050 XU VD B AR Y s SRR AN P 1 TR, R LGNKAT 2E b 2 A P P B B IR
YOI (] 2B ETHE TR S, Hh 50 mg/L KAV EMEIRIE 4 h 5, NEEREEIRKNME, A
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Figure 1. Bioaccumulation of different concentrations of Nano-Se (A) and Pro-Se (B) in P. aibuhitensis. Note: Different letters
at the same time indicate significant differences between the groups (p < 0.05), while the same letter at the same time indicates
no significant differences between the groups (p > 0.05), et sequentia

1. RNEFREARITEA)FMEAMB)ENSE S EIHES. T: FEFRFERFIEEMELEBEEZEER@P <
0.05), HAHEEFERTEERREHBILEEER(P>005), TE

Eig) (h)
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Figure 2. Bioaccumulation of two types of selenium at the same concentration in P. aibuhitensis
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Figure 3. Bioaccumulation changes of two types of selenium sources with different concentrations in fresh and frozen P.
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aibuhitensis

3. ARER B FFRARIRAE BB RS HR A B

Table

2. Effects of different concentrations of nano selenium and protein selenium on the activity level of P. aibuhitensis

& 2. NEIREARINFIE B W ik B &3E NF RN

o B )/ (h)
IR EE/(mg/L) Time/(h)
Fortified concentration/(mg/L)
8 16 24 48
0 5 5 5 5
25 5 5 5 2
fﬁ 1 . 50 5 4 3 1
Protein selenium
75 5 3 2 T
25 5 5 5 4
ks
,Wﬂﬁﬁﬁ_ 50 5 5 5 3
Nano selenium
75 5 5 5 2

3.3.

A TIN PR ARG IR A SO ik BB D B SR TR K R B AL

73 T SR KA F I AAN TR P B KA A 2R 0, 7R i L BU(TAN) BN 8] (A2 A 5] 4 Fios
LS LUKAE S TAN 2B TEEES . BR 0 h 4k, %0 S PRI 0 mg/L 41 TAN &3 & 1 HAb %21

(p < 0.05).

73 93 1) SR KA I NAN [ B2 FR oA AT 2 P il

7K NO; -N B ] AR an ] 5 . X iR

LG 7K 1 NO; -N BB 0] 2248 b Ss, Hoph & nZH B A) 5258 T RS b s . Rk 4h A1 8 h
SRR ZHIRE/K HR NO, -N 23 m T H A4 (p < 0.05).
T HABZH (p < 0.05). 48 h X REZHA 75 mg/L 4H¥E7K 1 NO; -N &3 5T 25 F1 50 mg/L #(p < 0.05).
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4.1. MR NS B ERHERHR

Vi VD 2 AT 1) B S 2B B i )97 . 25 A0t T A R P e 25
ﬁ&ﬁ%ﬂ*&%MWW%m
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=203

B ERMNA,

16 h 1 24 h B INIREEA 75 mg/L 47K NO; N &3

A RIEIKE ], FEE KRR

VoI TG ) ' SRR WIS IR E 10~100 £5[9]. XA
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Figure 4. Changes in total ammonia nitrogen concentration in P. aibuhitensis culture water after treatment with Nano-Se (A)
and Pro-Se (B)
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Figure 5. Changes in nitrite nitrogen concentration in P. aibuhitensis culture water after treatment with Nano-Se (A) and Pro-

Se (B)
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PEREVELUNAUKAN ) 4 15 o Tt 77065 (23] K B4 75 F SRR A AN 2R RR Al A RE A 8 3 vk, 4H43
TR, ARG KA T 2 5 T R SR TR o AWt 90 R IR oKl 5 2 G 1) & SR Rr A E 22 e AN
KAt B s S - KBRS, @ hP D ATE 2] E S 50 me/L 4 26.28 mg/kg), {HIL
FRGHERR(A~16 h TREL) 84%). X T REAE @IS F I IR S B FE X AR EE 1 B A (Se®) s & MR A
BNHEH[24] [25], Uk b 1 P8 35 PR P B o DROE AR GHRE PR AR RE T AORAR ZE95 ) T B ASE e R I 5 (25~75 mg/L
HIETIM 24 h FFAE T %), BRI AR IR ) @ BB R G, an e bt G S A e v L
TR EIE TR (ROS) HB A 252610 50 mg/L 4K ZE Fr) 5 & 4R % (4 h 35 26.28 mg/kg) W] ALl 1L fr Wik
feidt, B EETREAED27]. LT, EAWEE SRR IMERFHE@T 75 mg/L 4 8 h 15 11.93
mg/kg), FHIKMRAERRPTEPER (A Se*)idit Fenton SN =4 ROS R4k T 28R4 MR B A7 i 15 2 DNA 4
351075281 [29], FEGHIKELH(50~75 mg/L)i&E /I 16 h i 2 TR, 48h if 75 mg/L 4H3ET-. MAh, MKk
FEG AL RS (U 25 mg/L 2035 /I 4EH7 %2 24 h) [ A5 Nrf2/ARE 18805 FRPTAMEERIE . FIE0ER
SR E AL EMEKB0][31], HEAMKEBERETE A KRR AR S ES AR . 255, 49K
AR TR N I & SRR m TR A, PR/ AR YRR R A5

4.2. WGEM B IR E K5 AR

T I A3 BT R LD ZRLE S [ AR VR (AN oK AR 5 B ) S R B2 R A AT, R T N A
PRI AR T HAGE TS S AR IR FE AR INATR 1t BRZE Hh, XA Bl v 2 R AR AR I & AR (1.5
h 4 0.43 mg/kg, 4.5 h N 0.50 mg/kg), RN E LT EREAINGR . FEERRIRERSE M, ™
PRI & A 35 R ORI =AM B, T BRSSP s i R AR G . BRI, AR
W ATEH U (R 5« AT R 0 ) 4 sh 4 SR A MU (AR B 28RN ) T 3ia i £ o AR N 43 e e
(A AR SRR MBS PE(ELE A AT, B B URIH IRy A A7 48 B [32].

YORTRTEREEV R 0 E R B B & TARME, X —ILG 5 KA B SR e AR M 2 VA O
YHKFTRL I /INRLAR (<100 nm) AT EE 2R HIFR(Z) 50 m/g)fd 22 56 Sl i fo 75 1 P E N4 f[33]. SEmvh 2 1)
ATP fiEBE 5L 12 8 (1 (W AR B 3 0 M 7 38120 T (IS SdE 0 KT 1) 5 RS e S [ 34, T A2 A A K 41 i .
SEREPERIR . AR e AT A S R BhiE ik, SRR 1 A ROR B BRI . AR SRR E)
BT B Ao VE D BRI NG [35], (H R S A B AT I T 5 A, 2R B R R R AL v B AR A
YA e AR S TE I

AR E SN ZIERAFE MR SRS £ ERTATRME. EOmEEdmiE
R R K AR AR AR R G MR (i AR B &) [35] [36], Bl 5 & RIS IR (37]. BHSVE
(ARG s T AR R BR 1t — AR S HEME, 5206 T e i Ak o — R SEAR(DMSe) 545 R AL &
Wi iR BRI R AR IR R [35], BUld ABC #iafk 3 h4MHE24] [25]. MR, WIHAETSI IR RS0
Jihs REThRE e aZal, EOMEE BUKME, HHRERRZHE, S84 6 ST RERASR N KE
HEEH o IR CARIHE " RS EIFIET AR RN & 5 B B i, eSS MAR s B R E
LS R BTG R AR R A

ZE L PTIR, HE VDT A P A Gy I A, LA oK A A B2 (an R VR R S ARARE T
DX (1 5 R Az, T 6 1 S A g g R TS0 A 5 PR e P IR AT 5 AR vt o (LR R, R &
(1 A BRRZS (U 4 PRUBEAN 2 | 8 I8 T8 J 76 ) P R SOt ) SR, A oRAP 7E 58 12k rp T e JE I b 3l
BROE N R34, R R eI T80 AR 1) L S M s 2 F 8 D) R T2/ A T DA K 230 =i B8 T 4B T
AMEIEE N, AR BRI XA - ISR S LSRR T N T G 5 A VR VD T TE A AR IR T
BRI EEBS . KRG E N RS R R AR, AU ISR 7E 8 75 5 50T M
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THRES RS AR 22 57, BB SR BB BRI IR R e F i B A (W LAT1. ABCC2)fERBEAFKfE A, DLt
— LW 7y AL .

4.3. FRTRARE XSG Bl &SR IE K R AR

ARG oo A TAN S6 B, R8T, TARRASFSLTE i, FIRER H T A i 7o S S Bva A e 4
HDIREHE R, MEAEAREMAEMRE, FSA RS LT TR b TR A SR, (R A X
I A RO AR o SO0 T F AR I R B A i 2 Bk, RO BT, Ek A, E R 0 7E S [ P
TR T VDA IRFEKA TAN FINO,-NIKFE, FRIETE 40%~60% 2 1], Ui Bl 7EFE(K TAN A1 NO,-N ]
I FE AT REAR R EAE . ORI R AL A R UK AR, 2R AR T e i ) A 4 R ) T
B BE AR E AL A R DD e . SEERJE I, B TR RE HER, (R E B, (R T SR IR BRI I
S o T RRRE(DO) K- AT BEFE AR (1 A A IE FUIR S, RE T SO S LA T A A . i, I DO HABE T Sett
38 J5 PT B A M TE AR Se> T AR[38]. X HAEARRE 48 h i 75 mg/L ARV EILT-(E 1 MK 5),
VI HAE RS R S ARV . AR TS SR A2 W) “BE 1k - SR IRBUIEHE 143 T I8 %
TR IETATEARIE IR BIE R HR, ] Se 1) Se? TG EHAL .

5. &g

A AE T, A FE D Zonr AR R A0 1) foe K e SR R AT AR T AR A, o A0 e R R BRI 8] A AR E
PER T 9Kl GURANA /N T 25 mg/L, HEAIKENT 50 mg/L I, XA HEWDZIE IR . 2%
o DU B KA 55 AL b 2 A D AR PR BAT R R S T 7

mE&EE

] 5K A i A Rt BUR ] [ BBk 6137 & 1E (2022 YFE0117900) ” T H 5
E K H AR 41 B0 H (42276145);

L7 A8 B R IR 5T A1 TR£(2024TH1/11700009);

K4 7 5 5250 = T H (D1jswsf202402)
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[1]  EMEH. A XN RO TR L B VD T (Perinereis linea) )5y 255 51 4L ZREMERF AL [D]: [AES#A08 3] K
HE: KIERRE R, 2022
(2] Wk, BRER, AU, A5 ANEIMLIX IR S B ARV B SR 0 S AL D). K REE, 2018, 37(1): 93-99.
(31 #hEE, T, BER, 553 MbERPRITER 4T S 5 MO RIIE TR E )], T ZY, 2016, 38(6): 1298-1302.
[4] FENIR, AREE, B, S 00U v 2 R 0 G A /N B P G R AR (3], RN R 2 2,
2025, 40(01): 76-85.
[5] BRAEK. PRI INgEE R EVOA VD IR S IR E BRI [D]: [t AR ). R RIEHTERE, 2020.
(6] FKlitg. takl-vb A - AN O ASFEXT R A KAAE R I 46 [D]: [ L5 Arie 3], RO RIEIGTFERE, 2024
(71 & P = AR AR S R G H G R (R e o BRI R BT R R [D]: [t 2 Ar i o). B
fih I K2, 2020.
[8] Wang, W. (2012) Biodynamic Understanding of Mercury Accumulation in Marine and Freshwater Fish. Advances in
environmental research, 1, 15-35. https://doi.org/10.12989/aer.2012.1.1.015
[9] Luoma, S.N. and Rainbow, P.S. (2008) Metal Contamination in Aquatic Environments: Science and Lateral Management.
Cambridge University Press.
[10] AERIJR. CA¥¥5 Gefihiti XF £ 15 [l V0 % (Perinereis nuntia) {25 M2 N [D]: [Bi 22018 5C]. WE/RIE: BT K2,
2013.

3
=t

DOI: 10.12677/ams.2025.122013 134 HEERLERTY

o


https://doi.org/10.12677/ams.2025.122013
https://doi.org/10.12989/aer.2012.1.1.015

HITH 25

(1]

[12]

[13]
[14]
[15]

[16]
[17]
[18]
[19]
[20]
(21]

[26]
[27]

[28]

[29]
(30]
(31]

[32]

[33]

[34]
[33]

[36]
[37]

Gu, Y., Qiu, Y., Wei, X., Li, Z., Hu, Z., Gu, Y., et al. (2020) Characterization of Selenium-Containing Polysaccharides
Isolated from Selenium-Enriched Tea and Its Bioactivities. Food Chemistry, 316, Article 126371.
https://doi.org/10.1016/j.foodchem.2020.126371

Yin, Y., Zhang, P., Yue, X., Du, X., Li, W., Yin, Y., et al. (2018) Effect of Sub-Chronic Exposure to Lead (pb) and
Bacillus subtilis on Carassius auratus gibelio: Bioaccumulation, Antioxidant Responses and Immune Responses. Eco-
toxicology and Environmental Safety, 161, 755-762. https://doi.org/10.1016/j.ecoenv.2018.06.056

SRR, LB FAR 254 B 92 [D]: [t A0i8 3], ¥ MR K%, 2021,
Tk, Réa, TR, & MREZRN HHEAEENFRRE D] 38 IR, 2023, 35(9): 5919-5930.

Saffari, S., Keyvanshokooh, S., Zakeri, M., Johari, S.A., Pasha-Zanoosi, H. and Mozanzadeh, M.T. (2018) Effects of
Dietary Organic, Inorganic, and Nanoparticulate Selenium Sources on Growth, Hemato-Immunological, and Serum Bi-
ochemical Parameters of Common Carp (Cyprinus carpio). Fish Physiology and Biochemistry, 44, 1087-1097.
https://doi.org/10.1007/s10695-018-0496-y

VLS, AME WK, S SRR SR AR A U R T[], BARESREEARE, 2019, 38(1): 1-3.
JrE, Bl 0BT S A F AR IR AR I]. Tk Tk, 2018, 39(23): 1-7.

LIEH, R, KN, & MTEKPARE R BT S I R AL, 2021, 44(3): 131-134.

RS, TR, TR, B PRI EA IR K R R AT AR [T]. RIS E R, 1980(4): 45-51.
T2, FERKIEE L M]. dbat: P E R R, 2006: 1-123.

Janz, D., DeForest, D., Brooks, M., Chapman, P., Gilron, G., Hoff, D., et al. (2010) Selenium Toxicity to Aquatic Or-
ganisms. In: Chapman, P.M., Adams, W.J., Brooks, M.L., Delos, C.G., Luoma, S.N., Maher, W.A., Ohlendorf, H.M.,
Presser, T.S. and Shaw, D.P., Eds., Ecological Assessment of Selenium in the Aquatic Environment, CRC Press, 141-231.

M EERn, MRALE. YR e % & A A KA. PEGZK, 2003(6): 28-30.

W71, Mdin, 30K, 55 AR AT GRA R (LR A SR . A S B KEA
AR, 2009, 30(1): 68-72.

JEL B R SRR ) SRR S T 2 e AN B AT SE[D): [ 2 i ). sl #ehRalb ke, 2017,
Carew, M.W. and Leslie, E.M. (2010) Selenium-Dependent and -Independent Transport of Arsenic by the Human Mul-

tidrug Resistance Protein 2 (MRP2/ABCC2): Implications for the Mutual Detoxification of Arsenic and Selenium. Car-
cinogenesis, 31, 1450-1455. https://doi.org/10.1093/carcin/bgq125

KK, B, BRI, . QUK S5 T BT IR TR )], & AR BR AR, 2021, 52(5):
1424-1431.
BRbEEL, WSS, BHUSC MR R ARV A U R ()], YL ARALREE, 2016, 44(12): 24-28.

Zhang, J., Zuo, T., Liang, X., Xu, Y., Yang, Y., Fang, T., et al. (2019) Fenton-Reaction-Stimulative Nanoparticles Dec-
orated with a Reactive-Oxygen-Species (ROS)-Responsive Molecular Switch for ROS Amplification and Triple Nega-
tive Breast Cancer Therapy. Journal of Materials Chemistry B, 7, 7141-7151. https://doi.org/10.1039/c9tb01702j

Wi, BE s, METEMPEFRIIGEI]. 4 HEBEE, 2005, 34(7): 36-39.

ZE, Bbk Nef2 JrEA I o FIREBHLEID]. ZE(E B4, 2018, 16(1): 1-6.

W S, SFHR, & WITRIESIIE N BB T R[], AR RO AR 2R R ER, 2017, 30(4):
66-70.

Yu, H., Zhang, C., Zhang, X., Wang, C., Li, P., Liu, G., ef al. (2019) Dietary Nano-Selenium Enhances Antioxidant
Capacity and Hypoxia Tolerance of Grass Carp Ctenopharyngodon idella Fed with High-Fat Diet. Aquaculture Nutrition,
26, 545-557. https://doi.org/10.1111/anu.13016

XIS, NS, XA, S n) 30 R N T gl K A A R LR B R 28 e BROE b R R [P). R B R A,
CN109911868B, 2020-06-11.

FEY. DREALGKINE 2 4 R () £ S Pt gg vl Mt 78 [D]: [l =i 3], N B R KA, 2017,
Mechlaoui, M., Dominguez, D., Robaina, L., Geraert, P., Kaushik, S., Saleh, R., et al. (2019) Effects of Different Dietary
Selenium Sources on Growth Performance, Liver and Muscle Composition, Antioxidant Status, Stress Response and

Expression of Related Genes in Gilthead Seabream (Sparus aurata). Aquaculture, 507, 251-259.
https://doi.org/10.1016/j.aquaculture.2019.04.037

T4, FIE, MY, S RIS E R At ). AEAREE, 2015, 5(4): 285-290.
MOk, XS TR], ¥ESCH, 2. YRR cEYIThae L E BT FE[0]. KAGEHE, 2011, 13(4): 125-128.

DOI: 10.12677/ams.2025.122013 135 TR AR


https://doi.org/10.12677/ams.2025.122013
https://doi.org/10.1016/j.foodchem.2020.126371
https://doi.org/10.1016/j.ecoenv.2018.06.056
https://doi.org/10.1007/s10695-018-0496-y
https://doi.org/10.1093/carcin/bgq125
https://doi.org/10.1039/c9tb01702j
https://doi.org/10.1111/anu.13016
https://doi.org/10.1016/j.aquaculture.2019.04.037

MITH 4%

[38] Guo, Q., Ye, J., Zeng, J., Chen, L., Korpelainen, H. and Li, C. (2022) Selenium Species Transforming along Soil-Plant
Continuum and Their Beneficial Roles for Horticultural Crops. Horticulture Research, 10, 203-213.
https://doi.org/10.1093/hr/uhac270

4

DOI: 10.12677/ams.2025.122013 136 TR AR


https://doi.org/10.12677/ams.2025.122013
https://doi.org/10.1093/hr/uhac270

	双齿围沙蚕对两种硒源的富集研究
	摘  要
	关键词
	A Study on Bioaccumulation of Two Types of Selenium in the Sandworm Perinereis aibuhitensis
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 材料
	2.2. 方法
	2.2.1. 两种硒源在双齿围沙蚕中的富集研究
	2.2.2. 两种硒源对双齿围沙蚕活力的影响
	2.2.3. 添加两种硒源后双齿围沙蚕养殖水质的变化

	2.3. 数据处理

	3. 结果与分析
	3.1. 两种硒源在双齿围沙蚕中的富集研究 
	3.2. 两种硒源对双齿围沙蚕活力的影响
	3.3. 添加两种硒源后双齿围沙蚕养殖水质的变化

	4. 讨论
	4.1. 两种硒源在双齿围沙蚕中的富集研究
	4.2. 双齿围沙蚕对两种硒源富集方式的研究
	4.3. 两种硒源对双齿围沙蚕养殖水质的影响

	5. 结论
	项目基金
	参考文献

