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Abstract

Relying on engineered facilities and information technology, facility aquaculture is a critical path-
way to realize the transformation and upgrading of the fishery sector and the coordinated optimi-
zation of the ecological environment. Taking facility aquaculture in Inner Mongolia as the research
object, this paper systematically analyzes the evolution characteristics of facility and equipment
systems, aquaculture models, and breed structure of regional facility aquaculture from the perspec-
tive of environmental engineering technology. It focuses on investigating the application effects of
key technologies including recirculating aquaculture, saline-alkali land resource utilization, aqua-
ponics, and intelligent temperature control and water quality regulation in water saving, emission
reduction and high-density aquaculture. The research results show that Inner Mongolia has formed
a diversified development pattern dominated by pond-based facility aquaculture and land-based
recirculating aquaculture. The integrated application of core environmental engineering technolo-
gies has effectively improved aquaculture efficiency and ecological security, while the industrial
development still faces challenges such as inadequate policy supply, low localization rate of core
equipment, and insufficient system stability. On this basis, this paper puts forward countermeas-
ures including strengthening top-level design, improving the standard system, and promoting the
coordinated development of aquaculture tail water treatment and ecological restoration. It clarifies
that the deep coupling of environmental engineering technology and facility aquaculture is the core
support for the green development of fishery in arid and semi-arid regions, with a view to providing
a theoretical reference and practical paradigm for the development of resource-saving ecological
fishery in similar ecologically constrained regions across China.

Keywords

Facility Aquaculture, Environmental Engineering Technology, Recirculating Aquaculture System
(RAS), Saline-Alkali Land Resource Utilization, Aquaponics

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

WOt LA — A LB TR B N S, i 20t BRe LT BUEHKIR . KBS R R
ROKPZ IR 1] HAZ ORI T R AL Gl s 5 AR BHE AR, IR K RGPk <5
BRSEHUK SRR RO, BAr = B IA AL G IR R 5 2 6 1%, [FIRE IR R B R, K
i AR 2G5 B AN AE S TS e U, T i CufiRms 1 A7 07 5[ 2] I B 2023 S BRI ML g A BARAL
b EE T TR 2 Al v e O RO A R RS 5, T AR L Bl ik B S R AR e ik
PREE R ERMLIEN “FERIZI A B RS KB AL 3]

FEAR B 2 A HERN BRIV R TS 57 R, SR BVA DXIRFT LR ) SR Bl B3 5 v 7K BRI LK
BIRIR R R it B 72 RPALGUK TR BIRAR, SKBlR RO R . AHT FUHIMG 1 N5l
B v DXt Il P A JRE i A S5 A% Lo DL 3 R HERUA 1 #2077 M T 2R PR S B i R, R B A R RSN
LI 2 [ SR X e R A R A L IR 2 5 %

DOI: 10.12677/ams.2026.132018 133 PRI


https://doi.org/10.12677/ams.2026.132018
http://creativecommons.org/licenses/by/4.0/

HFRUKIK L

2. AREEEE L REEES R EERIVK
2.1. ZRFERANERLRS=ERATE

P S YA X Bt vl O R AR B SR A . Bl S B R A A% G TR R ORI AE S SR I £ T
R IEM R, PR AX 11 TR BERAL), BB 785 45 A Mg Bt IR S S22 A AT IR
H o O VT R A PR K B AR R O, SRR 5083.4 t, o ST VOt L S A R 1 90%LL |, Ak
BB FKAEIEIR K TR IRMIFRIE . 33 R = 2R TERS, WK B K IR A AR HUA L 29,660
m?, DA, MIARME Oy T IR A, EPRE 83.1 t, FAALKARSE BB SR 3 £ AR A
12904.1 T, FFFFE AXTEREE S I INE MR, F77 8 47215 ¢, PAE G 95.6%; A KRG R
R 520 B, @IS AEVEERE IR SCIL R KR, BRI R, AR EIE 49.5% [4].

Wi JE V5 il R A P9 5% oty SRt B R AL R FE (0 BT s e gl e, A Xt SR EUIE 24,78 JiSLT5K,
PR 7574 t, HP LT B K RGEFRMKAR 29,722 m®, KH £ 20k diE, FFRMIR . AN,
BT KA PR B IA 4.95 kg/m?, BAL G AR T 8 £ B FEFEVBAE PR KA IR KA 18267 m?, @i 2hiith
UG FRIESR A . TR, KRR RIE R 40%, SRS EIEH O Sl CUREEREFR T Fekfk; s St
A RGEFREIKIR 6192 m?, REWfF | ffi 0 S5 m A B SR 5 EGER 90%, FR5H R KIE AR 2K 95%. KuKIf
W IR LLAE S KR A A AN RTHEAT A IR IT R, X AR FRE AL 6700 m?, 4F77 & 52t, LAEfAK
TR, ST R IR S 1R A DUR S .

2.2. FEmMESHRALSHERELLR

WS Bl U R . IS BRSO IR, Foh AR DI B3 A ST
&, UFERDIFGSE EXUR, EEN T, R DU . ERAEAL IS, SR T R S A R B A S A
BAETES o ARG TTWE R0 MBI 51 3E “UL8KR 1 57 S8 dh Rl SEIL T UFREE B~ 580 20 kg/m?,
WAL SR IEIE = 15 % B SR FH B S m At B & w55 FORHR, 3@ 3R B T i B R Se g« JLaRF 7R 7
A 800 kg A XUETEEE L) WIREME R ERT S, FrrE HERLSTER 72%, 77 i E s
300% [5].

23, ®BSFIRUFL SR “BiEpEy” FlEaE

FORZHIT . MR S =P [F R SR L3R, TR R A e K b Wi 55 7 ik
Hbvo AR R 22 i AR R A R S R O (I XN AR R 465 t, BRIE RS TE R 85%; ELE KT
BEFRTEANIIA 340 t, A ARSI 3 £ I TR 200 EARMEAGIR AN A 600 m? R P iR AL 4[]
B E AR 90%. TPHE o0 T2 e P B DL 4921 FEFERE KA. 4921 B IRV AR SEHLAE P 4500 t EEY
ERTRK R FH 2R IE 95%, oA 4 BR (1 W3 g e (it o Sk b 6]

2.4. RKFREFASRKELLIELR

RFE DI & A KRR, AR, Mol IPAS DURTIT SR M bR T 5838 1 V8 /K f = ML AR R
FRUETTEE R 5000 m® YA /K T IR RS, FLE ¥ AL MIE 200 7, W14, 46 iy 2= Sk 25 kg/m?,
LB IR HED 45 2 WM AL B M BART/RILTH 3400 m? It 7K 3758 b R FH B A6 I
BEROR, SeEIE D 4Nt S RIS 80 t, AN IA 200 Ji/kgs WRAS DR T RO R SR A K
VR, JTREdNEi . P12 T hRKIREE, 2024 SEFAEER 50 JI T, GAFIIEERRTHE 40%.

ARG, NSRS EER AR, KRR A K B IR S A S L R A AR B, TR
R - BT - WKETHEE” ZEREML, FRO AR 5 R 78%, B R IRA G

DOI: 10.12677/ams.2026.132018 134 HEERL LRI


https://doi.org/10.12677/ams.2026.132018

FRUKIK &

LG R S B 8 F5(7).
3. ARE TS L RPAOFE TIERAR KA S
3.1. ZERFEEARENFETEERER

WS Bt 2 TR TE R IR R, IO RTINS TRERORAE K B AE . BHEIE AR . AR
PO RS TH T TR L SCHEAE o MR eIt TR BB A ™k Ak, RO N A K SR R GEBA
R ARAATEAR A E IRV B TR, SEIUK BRI L) 5 IRE RS T R KSR K IR
SEIE R TR BT BRI A RGN AE LI S, SEIUK AR BB 2, FRARE TR R
IR HE KON IR M IR TR E A Sl R SOR BRI R G, A R IR SR R
TR PH BN, b kA, RIS SEBUKARE AR, PR Sh K IR Rt fa et R guidid
IR BEAE A AL K, A DR AR 28 0T S A MR SO S S A= B e S B R /K PRI A BT A, AR AR RE KB
(RIS D PR TR, S IR 5 MR P W [ 486 2

3.2. @MERMERRFRTRERRER

AFEFRIA G IAEER SN B SRR U EAF R 2 22 R, N 52 B v Y A 45 44 R
T, ARFTE IR KA BT S TREBORIETET K 1 588 GRS R . T @R LUEIA
IKFRIA R GEURAS) L, IR POTEM . HUBGLIE . RUEYIIEM AR SR E S 2 R T Z, 0Kk BEAT
PEL, A KA R AR, TORA MR BR. WSS REK TSR EEE T, REY
RE M2 B0 4% SEI HE /K « IR PHE, 258 BBl s S HHG 5N, SCOlm% RS A%
SR Bl v o A B TR A 0o I P R B R S KA BRI T KR R R R T R
SEIAET, BCB/KBUR . R ORI MR B R G, R e AL i B AR TR AN IR I 98 R G L BR TR
SRR TARE, B & A A A DB i B AR VIR s L 5% B AR R S A LTS e, DR e E R B K
AR BRI IR LN DG RER 5 IR KIEIABOR, il s A O IRt R 545 6K
TS AR BOR, KR e 5 E RIS, ST AERACR, FREKIAL I IIE . i JEAn
THARAC B S OEIAME T, SEBLK BHIET 20 M SR FE IR K IR AL 8] o

3.3. SRAUFTEARMFETIERARTE

WSRO E, ORI K RS KRNI [ B a6 ) SR 5 TREBOR
FBL AT EAL T IR FE R GE R ORIEIR T, AR T IR FE RGN, SER O A K &
GUR R RUKAEBERE Sy, BRI . MO IE . BCEYE YDk b b A 2 R A I, RERS RRERE K I
WRR. WIHRR LS T SIS HI e L ARV R, KR BRI R Jy o WA R 7 4 PR AE MK
TRIA ARG, I At PG AL M AR 5 S 25 S B A SE B 98% /K BEURAEIAFI I 2%, 43 3 PR AR K IH #E 5
(7] e 3 2 4 R R 1) R GE LM /KRUER B« SN IR B R A, R e B IR B T BRI AR
PEREAME FEKT, T8 R B T /KRR AR 5 3R LA A& AL BB B BR (9]

3.4. SR T AR TIER AR

R IR E R T IR R SRR TR, RO AE K I ER 5SmSR . A
SO IR R IREEEE T BOCR R, B RIE =IO TR R IR K E R, JE
PR ER IS MR IR AR BN, R EEBRAC T 20 BN SR A IR BE X (8], KW SR T IR dn M s 2, —
AR E AW ARGTIEER, PR IRM . S ERAL R0 0 TR e, IO E UL IR AL AT B 3h b

DOI: 10.12677/ams.2026.132018 135 HEERL LRI


https://doi.org/10.12677/ams.2026.132018

HFRUKIK L

IKARGE, KBERAMALIEE, FARIMRK BRI =R BOK R SRR EOR,  BLER K/
WRJE TR ) R IR, I IR M AR B AV DA PR, K BRI 2 95%, el
HEROS A S 77, SEBLERBBOK SRR A R AR M T . R BORTEREL 7 B TREAE “OK - £ -
FIAED” RGP G N, LI T AL GHER P AME R

3.5. Rkl 2#E RO ETIERARNA

WS VKA LRI A R LA SRA K BRIEON SRR, S AriRds . PKTREAN AL S TREEOR,
KL RGP ORI T . e IR AR UK IR BORIE R B Ui i R geicit, RIS [F R XA
WKL, R A 0 S K R B e A OB, RN RO K A 2y (i s A AT
TR L) R 5 B ARSI MAs &, M B AREREE PRI AL BRI, 1458 2R 48 B 14hE
71, TR TR + AR MRS, KRR BTIEA A 5K BRIEEOR, RITRIRIHA K T,
I T AR K SR TR BT K FE A A AR L, SEBLA K B ™ IR B, R I/ ] A1 R
s, SEBlaR R TRAH . IR EERRAMIET T 1 ALK AR BN 5 e, Sl 1 4 7K BRI ]
SR AR S A i/ ME

4. ARG REE LRI FC)E
4.1. BRI FEZEFTESTIBHETFE

AR A 5 RO IR A AT B2 U T [ R R < SCRFAN AL 1 2, PABE T REHORAE Bt b o g S
AR AT B, ARG, TR KIRIE R G B M R S O W R, MARIRTS R
GEE PR B BT AN TR ST 4 o BOR 51 BRI, T Bt 2 BOR AN R RE B (1 BRI EAN v
PO ARAEAL R B AHERE, BRSO RACT AR R WIAE TREALARTE 77 LR & A
SR P FEAHLR], AL i TR K AL B . FEA T BORHE A AL, I L3R A SRR K R iR
TR ZTRE . RERN L, WHEARTE R, BFEEAE, B L BIRH R
1% BRHESCE B CALAL, ABERIA B BR RAN SR, XE LU R O (R AT RFEE 7 ML SR R A

4.2. BLERBEUT RS TUAS E&ER

PSR Bt AR RBEPA TR E WA RE ST, B TREROR N A AE B AR, TR K RGERIK
FOAZERAR . BARGE S HAMAEAR. SRRSO BRI MBI IMB AR % . F75H
IR B FRER R FF A BRI R AR EEAR, AN TR AR5 B s, th S EBR IR AR AN L, R
] 7 b R SR AN SR AL T AR R o (RIS, AT R RO v 1L I Y e FE AR & Ml N A S8,
AT DN ERGEIA KA, BB INE . ES SRR RS BRI IE AR, S 2 BRI
MY, FRIAMAE AR BTN R EL, AP AR S T R A R E AT B, B SOk
JEAT BT, B RSEHEE A AL

4.3. EfiREREHERSESREENTE

WS E IH R Vit 5 P, BRI B R K AR BB 5 A B S i IR IR A S AR, K HET
KPR BRI E A E, FEORHEBKP R BEEESR ERHN AR, R XK IR 5T & i Y
Wi o FER PG OGN AE S B, (HERBAAL, BEEHZ TR TR AN M. 24
AT XA A ARG BRURIE A A A AT BRI BOR OB B e A2 K AEFA A A TR R
[EUSHMAATE > FRPAPR I AN A HUIEERREIR BRI AA BR, ARSI RER A A SR i S AN 2

DOI: 10.12677/ams.2026.132018 136 HEERL LRI


https://doi.org/10.12677/ams.2026.132018

FRUKIK &

A, PR RS AESRY LM HMARTE R RIS, SRR AN FR, Bl KB,
HRIEMAS R MG 2R E, BRI RGN TRBRN AR, Sz e KRB, K
FELRAL AT E S TR R S, SEOREME RS A TR, B HSI A8 /178 55, 120 1 s A R

5. ARG aWINE TIER AN AR ILEE
5.1. BUBRMER TS~ &R % R

FE LA B A DB I A R SBCR AN 70 0 58 kiR &R, B O sh it Bl L PR A AR B . A
Fifi e 2 E M R /K R SR AT IR SR A . KB L) USRI B R B R 40 B REM Iz s WAL
AV s T 2 AU ORI s PRSI AE . 28 97 )2 SR S5 A A B Al SR AE R R B, XTE3
IKFIHZIEE] 95% VA L BIFRIE AL TAE IS E AN, I A7 T B m b S B 2 tadh B TRE AR
IR o (R BN {4 4 M B B LR, HEEZDAE ™ T, iRt RS B AT I PR AR RO B [F) R
K K B AL ER 550 T3 (A BEDA T BECSCE AR, TR T REIRHE P s T DXCas e = 4 1 B
VG, REfEEEVE, A HEERCR, R RN AT 3 S % b e Sk ik i 5)
NI G B e RE A R B, TR IR, SEEL BRI A ok (R

5.2. ERDRRBEA R SESBATIEF

T A i e ER P R KOK B R AR L K IR TE R KA AR R B v 7K i o 3R 72 97 B = K%
OHEARA LA E EHR, KRG KRG R (RS T RS TR st ) Em A 5h
ABT7 A kR A K BN . B SR AR RO R S A ORI T BRI TR ROR, A
FRPEREME s KN R I 2 Sk 5 3 3 PAY i vt 6 P2 3t T VK Y R 56 LW AR SR ALK T b - Rk
MR K HEBORTE vk L) A FRFEIRAERURE = R 7 b, FURD DXl (L TR BB AR bR e 1,
TWHAEE R ERAE . BOKHBON SRR ] A iR o @7 AR R & A B R AN SE B AR R
SEFSE R EEA ST TIEEOR FHE A GRS RIENE S AL SR EZEARME RS R, N
SRS FRIE EAR BRI . FRARE . ASTREA I SRORTE T U IR Ak P B L I
ERLRAL, -T2 R R B8 MV BEKF SRR & M 5 7 ML T2 1 7] 20 etk

5.3. REMBHEARBESRELRENGE

HEREZ NIRRT s, ATl S| N BEIIEM K R GE . /KRB e %% AI7K 5 5 21 02
By SRR IR, PR RERERITG Y, $RTT IR ISAT AR s ) 2 Bseit Bl
i, PUSesE T A RS TR X I ar i, SRS R 5 AT RGE T . AR B
WESOIFEEATE, B e E SRR RS, SEORI KL S R, KRR T K 3
VR ) IR F W RIRACEAR, SEBUIOK A BB FRFE [ PR e A A LI B AE ) RE )™
WARRI s KAHE) ™ 2 8RR S AR IR I, SRl R B 5 AR A R B W [R) R
[ Fa g it R B RE A B AR, RS SEINR BTN T 5, XHAEA. ER. PH (SRR RIEAT(E
MM S E, SINE RS RY, MR WA . POKAREESET A SR HER Y, HE e
RPN SRS, A5 BT BRI A ST A 008 5 X RE ST, ORRRE™ L AT HRFER A JE

6. AFHRIE BN EZRINESYES T
6.1. B5¥&E
BT TSRS M AL RIS LA, TR /KIRE . RK BIRALR) B seAb & BER R B 41 B

DOI: 10.12677/ams.2026.132018 137 HEERL LRI


https://doi.org/10.12677/ams.2026.132018

HFRUKIK L

Hs BERS 2 BRI IRIE AL P RCR, BRAROK B UR S DURPRTBERE A, [RIZD 52 i IR B S AT iy it oo [RIIE
S LB Ol R DL B 52 35 5 74 BEVDIR AR R I T, BERS A ROE AR LB . $2TH7™ i BTN AEL, 39 X 4ok
PRI T e 0, S AL FIEE 294 A e, D9 IX IR B 1 K AN R B = A W AR 52 S
.

6.2. IFEFW AR

P TR W, Bev il KA SRR KRR R, RG> TR R K 2 eSS G
PIHEIL, B AL A 0 R K AR S IR R R 7T RS TR PR SR BER AR A HOR I iz 46, Aefg sall
IKBEIR E IR FRIE IR AV A, el R R AR SRA I R E8h, AT sl
Tt B S A R R AT, B X UK A SR 5B E .

6.3. LL¥HE

HE A NA IR RANIEZBORHE A RIS, BERSA R TH DX sl Al 2 1) 45 BE /KT Al
PESIMREIR, 5 AN 2 MR SR BN A S RIS, Bt L 0 e R R RN SR E
BENigR . 2. mRBRK d, ARRE XA it e, S RRERSW SAERE, A
ST E IR

SE

[11 Wu, Y., Chen,]J., Jia, C., Gui, F., Xu, J., Yin, X, et al. (2025) Recent Advances in the Hydrodynamic Characteristics of
Industrial Recirculating Aquaculture Systems and Their Interactions with Fish. Sustainability, 17, Article 7946.
https://doi.org/10.3390/sul7177946

[2] Li, H., Cui, Z., Cui, H.,, Bai, Y., Yin, Z. and Qu, K. (2023) A Review of Influencing Factors on a Recirculating Aqua-

culture System: Environmental Conditions, Feeding Strategies, and Disinfection Methods. Journal of the World Aqua-
culture Society, 54, 566-602. https://doi.org/10.1111/jwas.12976

31 E55k, BUTH. o BBl R RBUR 5 X S T[], (s 25 0%, 2024, 39(4): 247-252.

[4] Okhrimenko, O. and Kononenko, I. (2025) Modern Approaches to Water Purification in Recirculating Aquaculture Sys-
tems: A Review. Ribogospodars’ka Nauka Ukraini, 3, 89-110.

[5] Roy,S.M., Choi, H. and Kim, T. (2025) Review of State-of-the-Art Improvements in Recirculating Aquaculture Systems:
Insights into Design, Operation, and Statistical Modeling Approaches. Aquaculture, 605, Article 742545.
https://doi.org/10.1016/j.aquaculture.2025.742545

[6] Ramli, N.M., Verreth, J.A.J., Yusoff, F.M., Nurulhuda, K., Nagao, N. and Verdegem, M.C.J. (2020) Integration of Algae
to Improve Nitrogenous Waste Management in Recirculating Aquaculture Systems: A Review. Frontiers in Bioengi-
neering and Biotechnology, 8, Article ID: 1004.

[7]1 WS, WREZE, BRSSR. WSl Bl 2 R IUIR . 10 f5S & ES SeiT 7E[I]. /K77, 2025(11): 66-68.

[8] Hashmi, Z., Metali, F., Amin, M., Abu Bakar, M.S., Wibisono, Y., Nugroho, W.A., et al. (2025) Recirculating Aquacul-
ture Systems: Advances, Impacts, and Integrated Pathways for Sustainable Growth. Bioresource Technology Reports,
32, Article 102340. https://doi.org/10.1016/].biteb.2025.102340

[9] Chen, W. and Gao, S. (2023) Current Status of Industrialized Aquaculture in China: A Review. Environmental Science
and Pollution Research, 30, 32278-32287.

DOI: 10.12677/ams.2026.132018 138 HEERL LRI


https://doi.org/10.12677/ams.2026.132018
https://doi.org/10.3390/su17177946
https://doi.org/10.1111/jwas.12976
https://doi.org/10.1016/j.aquaculture.2025.742545
https://doi.org/10.1016/j.biteb.2025.102340

	环境工程技术在内蒙古设施渔业中的应用与优化路径研究
	摘  要
	关键词
	Study on the Application and Optimization Paths of Environmental Engineering Technology in Facility Aquaculture in Inner Mongolia
	Abstract
	Keywords
	1. 引言
	2. 内蒙古设施渔业发展的设施与装备体系现状
	2.1. 多元养殖模式协同发展与空间集约布局
	2.2. 养殖品种结构优化与特色规模化发展
	2.3. 盐碱地资源化开发与内陆“海鲜陆养”产业带构建
	2.4. 冷水资源利用与冷水渔业全产业链发展

	3. 内蒙古设施渔业发展中的环境工程技术应用分析
	3.1. 多元养殖模式配套的环境工程技术应用
	3.2. 品种结构优化适配的环境工程技术体系
	3.3. 集约化养殖升级的环境工程技术支撑
	3.4. 盐碱地资源化利用的环境工程技术实践
	3.5. 冷水渔业全链发展的环境工程技术应用

	4. 内蒙古设施渔业发展的现存问题
	4.1. 政策支持体系不完善与产业链协同不足
	4.2. 核心技术自主化不足与专业人才储备短缺
	4.3. 基础设施建设滞后与生态治理能力不足

	5. 内蒙古设施渔业环境工程技术应用的优化路径
	5.1. 强化政策顶层设计与全产业链协同发展
	5.2. 推动核心技术自主研发与复合型人才培养
	5.3. 加快基础设施升级改造与绿色发展模式构建

	6. 内蒙古设施渔业发展的综合效益分析
	6.1. 经济效益
	6.2. 环境效益
	6.3. 社会效益

	参考文献

