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Abstract [ Objective] Water quality emergency management is a critical component in ensuring drinking water safety. This paper
aims to address challenges in multi-domain collaborative water quality emergency management, including information silos, privacy
leakage risks, and insufficient intelligent decision-making support, thereby enhancing the accuracy and security of emergency
responses. | Methods]  This paper proposed a fused method of federated knowledge graph privacy computing and large language
model-based emergency response generation, named Fed-WaterKG-LLM. The method enabled cross-domain knowledge graph sharing
through relation-weighted entity aggregation, ensures privacy security via homomorphic encryption. On this basis, the globally
aggregated knowledge graph was further integrated with the local knowledge graph to enhance the personalized service capabilities of the
knowledge graph. Finally, federated knowledge graphs were introduced as external knowledge to enhance the causal reasoning ability of
the large language model, providing support for cross-domain water quality emergency response plan generation. [ Results |  Evaluated
on a water quality federated knowledge graph link prediction task, Fed-WaterKG-LLM achieved an average improvement of over 2% in

indices such as mean reciprocal rank (MRR) and Hits@ K compared to independent training approaches, while maintaining model
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predictive performance under privacy-preserving conditions. When applied to water quality emergency response generation, expert

evaluation results showed that the proposed method significantly outperformed baseline method in terms of event root-cause tracing

accuracy and the feasibility of generating emergency plans. [ Conclusion ]

The findings demonstrate that Fed-WaterKG-LLM

effectively balances knowledge sharing and privacy protection, enhancing intelligent decision-making for cross-domain water quality

emergency events.

Keywords water quality emergency disposal large model knowledge graph federated learning privacy safety
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IR T SEI0 & AR R A PR R R K B 2
il TR A SR AR SO S Ll g Rt 361 T
T%‘éﬁ’@ﬁ]( instruction fine-tuning) {HifE R A RE i T
B W 3 107 7K JB vy Ak 37 5 S IAT ML R A R
(SRS

IR ik A T 2 TR L b i SR N G
FR WS B 1] 2 (B AR, B 7RO B S Y
SERME SR LG FR . X By BRTE AR F 0 | S A
SR HOC RIS T LS T BAEE N, AT
S UE PP T A S e R T 4 FheE LAY AR K
T A 7 ¥E AT I 56 PE A RotatE! ™ | TransE! ™)
DistMult"'*) F1 ComplEx""""

R Adam DR RS, %7 T FBE N 0.001,
HER KN (batch size ) BB N 512, FEEAR R = I &
R 256 , 5525 A8 K (early _stop_patience ) 15 N
15, ik 7E R % 8 F GeForce RTX 4090 4]
JEALEE ¥ 5T ( GPU) W9 ¥ 85w, Fl F PyTorch HE 42
17,

2.3 TMMERR
T BAIE TV A R A R R
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T RA W B BERE T 45 SR AT VP, A B2 T B
FE T 1 2 1 SO B EL A I SRR O6 R
AR T T BE A7 7R 1 Sk SR B R SR A, HEHL
T2 P WO AT 55 4% 00 VEAS 85 % - 7 24 (5 850 HE 44
(MRR) il Hits@ K ,

MRR ; FH 5 s A 76 7 00 2 B 42 Fsf ) 4 A
FI, VI vk R T A A A4 18 BCHE & S 2
{ERICHE 43 J2 46 W 28 28 0 A 1B 28 22 vh i R4 7
EEIE, MRR (B 757, 2 BHARC AR 1000 ) v 2
i, BERE T Pt PR B IE R R

Hits@ K FRITE R K 24 0 P00 1F 6 19 B 9] s
W K=1.5.10 EARREMFTIEA, His@K =
e 1 A AU YA PR A o 32 51 P10 1 A 245 R 1
K (B8 /0N, o A58 0 (1 100 000 R LR Mk i, 1)
Hits@ 1 iy B AR A 7 JIr A i 30 27 5 rhole 1E 0 280 S8
TES— 0 B HL ), T Hits@ 10 D4 5 1F 024 2 HETE

T 10 A7 0% HL ], 48 A (8 g RORBEALTE K 45 2R
PR R

2 ERTR AR KR MRR (Hits@ 1 Hits@ 5 FlI
Hits@ 10 4 Fpim AL 45 bR it 77 7 A 20k
3 REERE5HH
3.1 BiEiRELmEERSNWN

TR T S I 2 5 AR SO B I I 2507 1
(Fed-WaterKG ) #E47 X BRI B8, b 57 I 250085 3 44K
P BIEBETE 3 ML B & o b, BN E P I
5 H O B HR S i AR R4 B % P o L F
TR RVBOR s IR 2 AR Zrad B ey 4% 7 i
AR PR A0 ST 30 [R) N 4% S it ok
FIMBU SR R A 10 — 7 M A AU A5 B & iR A 7
PME BB AE S P I E PG IR Y255 (A A A
AR, LSS IERRIF N7 ik ik fg i g 25 R an 3k 2
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Tab.2 Experimental Results of Federated Training Method in Knowledge Graph Linking Prediction Tasks

& ity IR RS AT 5 R E MRR Hits@ 1 Hits@ 5 Hits@ 10
pivA[|EZS 0.527 9 0.427 9 0.648 9 0.706 3
RotatE
Fed-WaterKG 0.559 3 0.446 6 0.697 5 0.760 4
PLRvAIES 0.507 6 0.399 7 0.638 6 0.700 8
TranskE
B Fed-WaterKG 0.5511 0.443 3 0. 685 3 0.745 7
P 1 ‘
LAl 0.484 2 0.398 2 0.587 5 0.643 4
DistMult
Fed-WaterKG 0.530 1 0.437 1 0.640 0 0.700 2
pLivaYl[E 0.4852 0.396 5 0.590 3 0.6527
ComplEx
Fed-WaterKG 0.528 8 0.436 6 0.642 0 0.703 9
LAYl 0.4103 0.293 2 0.549 6 0.638 8
RotatE
Fed-WaterKG 0.431 4 0.297 0 0. 600 3 0.688 6
pivA[|EZ/S 0.389 5 0.261 3 0.544 3 0. 636 2
TranskE
_ Fed-WaterKG 0.420 7 0.2829 0.590 6 0.684 9
P 2 \
PLRvATI[ES 0.369 6 0.269 6 0.489 1 0.561 6
DistMult
Fed-WaterKG 0.411 7 0.301 8 0.542 2 0.624 9
Lyl 0.370 2 0.267 4 0.492 2 0.578 4
ComplEx
Fed-WaterKG 0.407 4 0.296 1 0.540 6 0.628 1
LSVATI[E:S 0.367 4 0.249 7 0.500 5 0. 605 0
RotatE
Fed-WaterKG 0.389 4 0.258 8 0.545 3 0. 650 3
pva||E S 0.337 1 0.203 5 0.493 2 0.599 4
TranskE
Fed-WaterKG 0.360 9 0.2199 0.530 9 0.638 6
& P 3 LAl 0.3450 0.2330 0.471 3 0.572 1
DistMult
Fed-WaterKG 0.366 8 0.250 5 0.497 4 0. 604 3
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& it R i A T % A MRR Hits@ 1 Hits@ 5 Hits@ 10
Lyl 0.3283 0.217 6 0.450 1 0.555 8

ComplEx
Fed-WaterKG 0.362 4 0.246 2 0.492 2 0.599 7
LSVATI[E:S 0.4319 0.319 7 0.563 9 0.648 4

RotatE

Fed-WaterKG 0.456 4 0.329 6 0.6122 0.698 1
plva||E 3 0.408 4 0.284 6 0.556 5 0. 644 0

TranskE
Fed-WaterKG 0.441 0 0.3111 0. 600 3 0. 688 7

S g R =

pLivA[|EZ/S 0.396 0 0.296 5 0.512 8 0.589 1

DistMult
Fed-WaterKG 0.433 0 0.326 2 0.557 4 0.640 9
PLavAY||E 3 0.391 4 0.290 4 0.508 3 0.593 5

ComplEx
Fed-WaterKG 0.429 5 0.322 4 0.555 8 0.641 8

5% 45 1) b ST 2k 5 M B, Fed-WaterKG 7E
R B 5% #x A (945 RotatE | TransE | DistMult 1
ComplEx) FIITAN 8 47 (i 7 MRR Hits@ 1 Hits@ 5
Al Hits@ 10) J5 ¥ B 2004 HARW &, %%
Tt b 5 ST YN 25 7 vk oy SRR T T 3.3%
2.4% 4. 6% 4.8% , X—ILARMEERT 2 4
RS 8 5, R A= 2] S8 1R o A XA i
[FIFH AR T B2 P iR AN 2 4 n) 5 H:
W E AR O RA PLE] 1207 R 2 R iRt

FHARHRHIE R B Z )k 2 T B AP, IR IR
W], Fed-WaterKG A X B Eh e i 1 1% G2 1k 5z )1 5
AFAE R P ) 3L, i LA ™ A PR3 2520 7 i
PRSI RTER T, SE B 1 /K BN A B o v 5 A
R A RO S SR
3.2 HAIREERSN

T R SR AR A4 S A SR 5 R — A At
A Rl A LA 5 S R PR 3 5 e T A 55
A, SCRERGT T IR AT RIE (R 3) .

*3 HEABRER

Tab.3 Results of Fusion Experiment

HRPE SR AT IR B MRR Hits@ 1 Hits@ 5 Hits@ 10
ZLva 0.4319 0.3197 0.563 9 0. 648 4

KEIMAL 0.444 1 0.318 4 0.596 0 0.683 8

fotatl I A Hh g 0.4459 0.318 8 0.601 2 0.689 3
Fed-WaterKG 0.456 4 0.329 6 0.6122 0.698 1

A7 0. 408 4 0.284 6 0.556 5 0. 644 0

KFRINAL 0.429 8 0.303 8 0.583 6 0.672 4

Transk WEHR AR Ml 2 0.430 2 0.3029 0.591 2 0.675 3
Fed-WaterKG 0.441 0 0.3111 0. 600 3 0.688 7

ST 0.396 0 0.296 5 0.512 8 0.589 1

. KRN 0.387 6 0.284 8 0. 506 4 0.588 4
DistMult WEHR A Mol 2 0.4218 0.3149 0.543 8 0.6317
Fed-WaterKG 0.433 0 0. 3262 0.557 4 0.640 9

GLvA 0.391 4 0.290 4 0.508 3 0.593 5

KRN 0.396 4 0.294 7 0.5137 0.594 9

ComplEx I A b 0.4218 0.3149 0.543 8 0.6317
Fed-WaterKG 0.429 5 0.322 4 0.555 8 0.641 8

3R TARITHA R E T BRI R, R
KR Fed-WaterKG 7 4 F R B 1% ik A7 121
WG T R B ik 1 B4R Y 07 0A A 1 SOk S5

SR E RS A T B A S, PA RotatE S, Fed-
WaterKG ) MRR 35 %] 0. 456 4, 5 ph 7 Y| 248 7+ 24
2. 5% B R R INAL A LR RS SEB - A @l & 7
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B9 MRR 23 342 T+ T 1. 2% F1 1. 1%, 7 Hits@ 10
Bhr FikE] 0. 698 1, B WAL T HAL %, R
S FMASI) S A A 5 B8 — At U R AIL
AT AR IES B 78 43 fil A5 i R s A 35520 U A e
T,

MR J7 3 1 % L ok &, Al S il 2k iy F ik
Z AR B R ARTE bR B AIK; O6 R INAU v
TE RotatE | TransE Fl ComplEx T % 8 H — & #2
Tt ABAE DistMult H1 &0 AS B e, B 1S4 i G
RANE AT LR AT B8 B (E B T4 B -
AR M A B AL 28U N AR TR, R
P42 JRy 5 AR M R AE 8] 2 AT A A A B 3 5 A
TR M55 fE F1 . oK 42 T B A B, R RE T 4
298 5 W05 B g 1, MHIEEZ T, Fed-WaterKG
T B A AL S A R B | 4 SR — AR M 0L A A
SCELTAE 4 RPN T TE T R 4 TR R, R 2
REhFaE.,
3.3 MAARPEEEHMIDEEME RS

ARWFFEAERII 5| A T 3 F RN 1 % 4t
BALH, RAF RFAME D 5 A T TR 4

PE B ] BEXHR IR 45 R M R SR RE = A — R R
I A SCIE B A 15 TransE |, X} B fA R 3o 0 75
SR S RE T T A SE MR HEA T T IEA

% 4 v, 51 ARSI A Fed-WaterKG 7£
PRBEECE FERA Y [R] B, X B0 RICR A RE 7= A T 38
RN, M MRR Fl Hits@ K 855K F |, Fed-
WaterKG 5 JCRRFAR 3 (A 0 25 S AR 7 823l , T3
MRR {2 F % 0. 22% ,Hits@ 1 Hits@ 5 il Hits@ 10 [
R Mt X2 48 L HE 0. 4% L DY, 16 BH B RA LR 37 ML 1 9
I ik 2 ) 55 I TR P i 2 2 2 R AT 55 Y
e, FEPERE T T, BRRA PR B A TR (%) 4 AR B A
BT IRARI 7 ZW A G0, PB4 AR BT A
0.970 1's FTFZE 0.982 6 s, B A 2% , W R4S
1o o i S i i = B i M 1 B s S
T2 0, AN 200 22 0 R i o, T E e ol S B 5
M, RIS 25 R R 7E Fed-WaterKG W 5| A [R] 25
W RES A SR T2 7 i B B B AL 22 Ak [m) I O
UE TR 57 B A As e 1, R 5l 55 3l K 5
SRR IR 5 N R AL T S AE A S R
PR AR PEAE

R4 BRAFRPERINCE SRR R

Tab.4 Impact of the Privacy Protection Model on Experimental Results and Performance

& [E At Ay MRR Hits@ 1 Hits@ 5 Hits@ 10 HEBEFERT /s
ToRRFLMEA 0.5527 0.444 2 0.686 7 0.746 3 0.971 2
& i 1
Fed-WaterKG 0.5511 0.443 3 0.685 3 0.745 7 0.987 1
g TR 0.4215 0.283 7 0.5917 0.685 7 0.968 3
% 2
Fed-WaterKG 0.420 7 0.2829 0.590 6 0.684 9 0.979 2
. TERAA R 0.3617 0.2213 0.531 6 0.639 4 0.970 8
% P 3
Fed-WaterKG 0.360 9 0.2199 0.530 9 0.638 6 0.981 6
TCRR AL 0.443 2 0.314 9 0.601 4 0.689 5 0.970 1
S 4R
Fed-WaterKG 0.441 0 0.3111 0. 600 3 0. 688 7 0.982 6

3.4 Fed-WaterKG-LLM R%E T RS

it — L B AE Fed-WaterKG-LLM 7£ 5\ 45 18,
AR gt v A P A 98 81 T R R
AR 5 OB A il Sk R RS,
BT 5 28 MR TR 2, 0 56 UK D75 3 K
IRy SR R TS Y  HEE E e DL R I
EAEFE, Bl G (kIR KT R, kit
IR AE R ST 7 7 St W B | A Ak BELISE R Sk H
A, RG AR EER] |38 3T Fed-WaterKG-LLM B3Il
SRR RS IR JR AL A a R SR B 4 S 4k
BHE,

156 73 500 A IR RE 77 BB J5 58 2E i BE
2 AN E HEAT VEAR « <A 90T IR BE ) VAL RE TS MERR 2
7 i 5 I A I 95 880 RRT R ) S R AR, SR
FE SIS 7 58 s RO J5 58 A2 W RE 1 VPG BE 75 £ X
AN TR 55 R i 1 AT X | n] ST R A 9 4
(i, R L RAT o (1~5 4) . BRITHH T
T 3T R RS S A 1Ak AR YUK R
Y s 0 TR (B A 10 4R DL B BEKGE 4T B 2
EIZY) 1AL RS TR 5 R RE DT 1] Bl 2L
B8, U R RIS 58 BOK 5 I H L LR,
PRI AR O A e G S A D A A A 4 1 Ak
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BOTR, S5 A PR K 55 D20 B R, MER
(& 75 X HL AR [ B A R e ) (AT AT (R
HL TRERT STt P ) | W o (O 75 PR B £ 38 1T B
BB 3 A2 B EAT B AL TE Y, I e BOE SBE 1R
H AR5y,

RISEE AL 5 FrR, Fed-WaterKG-LLM 7£ 3
PENIE 507 S AR A 2 A SRR WL B
S, 0V 55 AR I AL H Fe bR A BE E T 0. 95
F10. 91 HyHERRZ, 1 25 J0 T B ali o RAS Y sl it 37
YR HR TS 7 s, R A 51 G R AE B R
B WL R % T A A5k G 5 OB A e SR T AR

SR R A D R, AT 4 T ol 45 SR ) S
WASPRIE B ER T . R 7R T 7 IR
AATPERI R P I, Fed-WaterKG-LLM 1% & 4T 4%
Pt 4.5 o, UHAEE X A AR L 3RAS T 4.8
a1, ULBZOT AL BE WS 25 6 N [R) b 55 380 19 4 o 42
o 2% ARG , VR B AE S SR P R (4 17 B R B ik e
AT AR T4 3 ML Z T, A I 2R R
B 7 ik R TEE S M Dy T A g (A=
SR— Bk, SN A R R R 2 L —
LLM J5 32 W00 A7 A [0 52 ask =30 FH 1% [ 50, afle L v A 3
[[GREREN 750

RS KEMNSEHLEATIINER

Tab.5 Manual Evaluation Results of Emergency Response to Water Quality Incidents

Tk MAFWERERE R IEAR R A E R VIS Ik Ry e N Wi RN YIS G
LLM 0.70 0. 68 3.4 3.6 3.2
P R0 S 2R+ LM 0. 82 0.79 3.7 4.0 3.4
Fed-WaterKG-LLM 0.95 0.91 4.8 4.6 4.4

LA I [ 35 5 e =h A7 Ay 48], S DX 3 0 54
WK ARE RN 0.8 mg/L(IEH) , M4 MR
A SRR 2 0. 05 me/L, B A LA
KK TR AR, Fed-WaterKG-LLM Fil 57K ),
BT W v 5 N AR s 1) 22 R B IS i
SUEETTRINT,

(1) SRR M7 BT K A 0 Tk %
TRAFTE 0. 8 mg/LOIEH ), HAF MR A Ay S vk JiE
2 0.05 mg/L( 5% T ) BAEF- 5 I Ak
A SRR 4R, B R A R R B Y
PR BEAR N ) 7K AR R IEH - R R AR P W
[l 7K IR — R K AR 32 15 G AU, AR 2l
55 R B FIT , 5 T RE A R i X 4k GXX Y
RUE SR ERFI ., 256 e F 4 RFE
FI5H b & 0 LR B S TS

(2) 3% 52 Wi 10 BBl #0000 66 B iR /LS
GNN i 2 45 5L 4 W 52 52 M 119 DX 3 oy v IXURS: IXC B
CXX—GXX (iR B ) s e HU ml  GXX— T
e R IX ;IR XU 5k S2 JK AR A7 AR BRI V5 e ]
AE. MIRESZFLM P BLZ 0 2 300 1 (3% D7 S i
WA A . LG AW KR R T
GXX—GXX X B, If-mlfem R #.

(3) N2k s . O T REE R, Sz B DG H] GXX
TR BELWT [P B AR, X GXX—GXX X BEkf7
SRR (=1.5 FE R ) |, SR E K HIBR s,

PRI XX OEH 77, 3 3l — At S2 sk 46 I Wi
WAELNHRAT SR VA VR S s, R AT AN G B
YHEEs R IR A S A28 e 1.5 52 SR 45 % @
FRALBE T Z R N B B 8% DX AR AR A S ) H A
% 0.4~0.6 mg/L, KWK H 2 h/IR$EF 2 30
min/ IR, 27 1 B8 5 AT AF 76 A S 5 0, LA
GXX—GXX GBI i sl o i S 5 f8 br (¥
& VEE UV, LRI E R,

(4) JE2 W5 VAL R . QO HF2k Wl & 359k
12~24 h; QFE s RV A R E EWE R
BEAKAE A s @ BUHIR R 30 min/IR (FT 6 h),
Lh/IR(JGEE) ; DK E H ERHEN KA R H =
0.2 mg/L HESE 3 IIEME <1 NTU,

RO &% P w5, m e NG 5
28— R P A 208 e IR R 1l ) KR AE
IR AR A 0T B8 R [l — 3
AR, AR HE 56T 3R A LR ) W e ] B ) S TR R
BT SRS, Bl A8 B A R 1R Y N 2 Ab
BT R AR, KA T A 4 AR s AR AR 4
PR A Sk ki 2K A B A O 24 B 5 R,
Fed-WaterKG-LLM A 819 77 2 AL T 15 i 19
SRR AT R B R T 2 AT B R ST 30
PSRt 710 . 7 B S5C PA YT 5 U IR ) 9 St
g3 DX s B 2l K AR SO A B 1k gk — 2 (R
Tt 5 165 B 0] g AR A SR A 5 3 2ok A AR TR R A
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IR HER R 5 N b BT AR R . R Rk
B, Fed-WaterKG-LLM 7 AL & fRAAPR 3 Al
BReHR = A S TR 5 R AR RS
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Tt 2% L b R RA Y S, V-3 MRR LT R
0.22% , Hits@ K PRI HIZE 0. 4% AN , 32 Fed-
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5N IR MERE ; A2 K BN 2 b B 7 A AT 55
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