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Abstract

The Yellow River Basin is a key ecological and economic region in China. Mn is an important trace
element in the water environment and has dual ecological effects. Therefore, the source, spatial and
temporal distribution characteristics and risk assessment of Mn in the Yellow River Basin in the
past decade were analyzed. The results showed that the concentration of Mn in the water increased
in the upstream area after flowing through the industrial area, while the concentration in the mid-
dle reaches was significantly lower than that in the upper and lower reaches of the reservoir, and
the distribution characteristics of the downstream were different in different studies. In terms of
time, the seasonal variation of Mn concentration is obvious, which is mainly manifested by the
higher concentration in spring and winter, while the lower concentration in summer and autumn.
The study found that the main sources of Mn are the geological background and human activities.
The potential non-carcinogenic risk of Mn in the whole river is low, and the impact on children is
higher than that on adults.
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1. 518

T 4K 5464 km, S EEE ORI R ES T R RS, BT D). HONSE 9 A
(BifX), WiFEmER. HhmE AT RS2 R Ie[1] [2]. 1Ev E AR B Z A, H
KBRS A S 4 E ) 2%, (HE Dy E 5% HH AT 1.6 42 NS 4L 7 /KIE[3]. BRIy [
LR A P 5 e TR, AR A B R RSB, B2 B AL D5 R 17 e S ot
Y EE LA, SR MR i Y A R 4] [5]

Mn KRR R R TR, R S EFEERTR L, KM A R R T
Z[6] [7]o Mn BATXUE RN ERIKRIERS, ERMYCE 1R R 2 Rl SN AT sk K TR (H
MR OB AR, WA B R A B A, JREE AR B E 4, AR R4t
AR E[8]-[11]. I, IRABT TSRO AR S Mn (A piEE . RIS AT Dy, R IRA R
SR PREEK BT 24 B o0 EE PSS LS R .

BEE TR A DR AT B A AR A L) RSt RV i 3 A A DR N v i R R BT
[ A o s A IR ORY, R AR KT AR B B HAMESS 22— BT sl s Ry 1 B SR s
FAFFBORRA SO XL BRI RS, Kk Mn JeERIR B T EE BB RKIE[12]. IEFKR, BE
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E MR T A SRR P, R AR TS sh (a4 1T R Z8) . RO FPAEFIIR T
TR, SGE NNEE KA R E M JGER, S Inses s LR, KERESARTRE,
R T BRS AN N RSN E 2405 ek Ri[12]-[14], HEM S EUKE Mn 7046 L3002 28158 248 R [15]

MHTHE T 2 T R R BRI E I B, S R G SR Z . A SGE AT 10 FEE0 40
B IR SO R, B R R R B R b SR B DA R U R R A AR B B, AT
FIMT BRI R M BIRSEAT NERAE, B ERREOK IR B 5 KR 3 i 25, i i
AR SR A i T B R R B AL B S HE

2. ARXHE

T 50 V0 R 7 o5 B AR (AR 8 96°~119°, Jb4h 32°~42°), MREHhIE. HuZH. /KO0 | AR R A A
TR, KGRI N EAXKE[16]: R X B (RS 2 N S AR AR ). e X B AT 5 5 R
WEL R, WRZ . EEZER. KIREEE, WA OIS E T, DUKERIFEDRE 8T, Tk
TGS RN T HIN ARG (4@ A, SRR I o AT ) 44%; A IX B (FE e FE9AT 11 28 30] e Bk A2 04Y) -
TR X IR, ANV BRI BN BN E, IR K B 1% B 1) B AK R A s Ui IX B (Tl B Bk AL I
ZIARNED): J&THRICPERNIX, N OB R R, 00X 3852 3R KR A E I m sy 22 .

3. EALAEIKEE Mn BOBT SS9 745 4T
3.1. ZETUFE
FAFIK AR T M (3 B 70 AN [ B AT X S o A P 1 R, (e RS £ R,

. | Mn

100
)
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<
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1 T T T t T T T t T f T T T t T f T
HAR[S] Vo k(5] 1 R [4] Zik[4]  MIRIE[4] FBM14] 4] JE 4] I = A29]

Figure 1. The spatial distribution characteristics of Mn element in each section of the Yellow River
1. BEAIEIATER Mn JTRAYZS ) 3 R HHIE
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SBCRE, R BORKIRRFRE X, PRk XIRASSTE S D, KA T, (R BEE B
PN EE TR AT, FKAR A AT g2 HH LR 3 sV G 3 B (B X [17]. 40 2014 4F 5 B BT T Mn F
BIR I N 132 pg/L, AR H s UAR TG R K Hh R 7K K JEHE R 1 Min ARAEFR (100 ng/L) 1 1.32 fi5, iBARRAE
MG 75% [5]. BbAh, 2022 AEHR AR - T EDBELIXEOK AT Mn )& S ETF(20 pg/L) & T E
(880 pg/L) 2zl EFtash, (HERKRECT 2014 FRHIX, H R S HE BT SR80
b T RUEAR I B, AnAH N PR JS, SR Ak 880 pg/L. IX W] BB ST IE R A KIS B)
A%, I FEOCRAENI AT A ALK R AR ] B I & 424 [5] -

BRI AT B AR v R, WAL TR VAR 2 AT YRR BE RS B ST N [18] [19],  HIR A
A AE BRI TR VIR TT, R it b DX A 52 N i N 6 B o S 2 11 X 3[20] . 5 [
B, 28 e v S ™ B (1)K T R T BOZ I BRI IR B AL T K, KE Mn JoE DURTRLAS T T IE
F[21] [22], #EMER “ TAWIE + BRIE” MR A5, IR, £ 2017~2018 A RAEHAR, % B
KH Mn & EIE 0.115 ~ 3.50 pg/L [4]. [RIRF, NRJEKEEVE N Binl rhii i oS B RIRR AL, HAERAE I
() %) MU 040 9 B, 7K A () DX 3 ) MIn A< B 52 00 b 2 ) 22 S v, 32 BRI g I DR B R 35 AR Tk B L
U B A AR REAE s KR JE KA Mn 3R BE AR B R (B T IECN 1.54 pg/l), XATRES T
FEIRE T DA B SR A T 2% PR IR S A7 TR DG BR [4] [23]

B R W B Mn & B AR T AT H0IR A, R 2017-2018 4E LA K 2023 4E AR FIRE S HEAT R I 5
W, R BOKAR S Mn (&S5 EITE 0.15~10.86 pg/L [4][20], (BAEAE R HEB SR . S HE AL
PR G, WITEETTE, FOEGE, VRV REIE, R CHL B [24]. Mn 32 BB TR F R A
FREVRVL RS, AFIRVE N BB MG EAR[T]. KPR Mn 3 BE T 68 R R -5 B 5N A B AT
[7] [17], {HLERRE AT, YR BRI Mn AT BEFR VBRI, X Ja3 0 /K 5 A R P8 8 b [ 7] [25]. HF
TR, MNRJEKERZERWAEEE KT 62.5 umol/L i, /Kikdh Mn ()48 5 R MFEAE L IEMHE, A
M (#5558 i R OUHE S0 B 10 T v T B, X R B IR B AR R B b A BB IR B B A2 5 Min RS Ak mT g
2 FEUAARZES Mn FUBR[4]. BRI BB AL R, EPTA R IZDURRFEf b, Mn AEYIA B 53T
BMEAURT Cd, MrFIE—, JREZHA S Mn E 7 S EIKT Cd, (HEHAEZ T Cd, FrbURK
FIFFEEP I Mn B3 KT Cd [26]. XATRER T Mn 5 Ca B 7R, BRER A T 454 Mn, 3kl
B Ca 7, A2 b Mn S EBE[27]. Wang SE4H w5 i tskin] g BOURR AN L3 S 4R
TR TR V8 7 UG ORI 98 R R B, ORR A MIn [PRE TS0 I S0, W& (27.93%) 1§71 (34.96%) Ik
T(36.52%)~ U UR(29.64%) 43I (37.90%) i1 T 24 VAT -1t (27.10%) [26]-

3.2. ®hkiE Mn ZFESHHIE R

IKSCZFAE G UTRRIE IS HARI M KR Mn 2B 8] 70 A B IEHIPER], e it K/ 4 EAes)
PR R & B RSSO, B E Mn JTRAKEH IIER 59 /71 mytRYI{EN Mn 78
AN E AR, HEAERE . BURDRLAR S AL M Tez (R - VAT DAkt o O B B TR 2 A
H17]0 Sehb, PR EE f AR S5 26 1 I B 22 % Min JE 3 VTR S A8 7 AR BRZI S . (R I8 R 564
T, VORI Mn JUE AT BERE IR KRR MRS SR AT T, MRS Mn JT3R 2 4R B B0 i i &4k
W, RSO A R A ks R [23] [28].

NEKES, JCHR TN AL SRS, X Mn JTER 28 (8] 70 A B AT BRI EEI o 2 3 sk
X, BT AT RO E R, KR T Aol A R R AR 2 78 70 A BRI HE T, X AE R K
FEAE S A BRI M, FEURERIX KA Mn 5208 ETHA4]. RS2 AT 2R, 1
NERIAR 285 (A PR 1 AR AR Mn BN, 2E PRl T KR Mn (R BRLZ A, TR
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N Mn B EREAEPE, FERRRAI R . 2K AT R B A s R A S, ORI 8 Mn
FORECE KRR, T OB [ 9IRS 4e[28], X P k5 Yeid BT 7K AR A IR I VB 7E U A A G

3.3. BB A0

TR AR Mn PR EAEAN R Z= AT RAEAE— @ Z 7 W& 2 Fos, X a] 5 RN AN R B H 3 5
D] 25 /A [1] 52 300 4 R S R 284 20 AT ARRAE

AT B MIn R R R AR A S K ST e BE (R D R IR T K IR T v A K G e i 45 (2016)
BRI, i B b X (7 R ) K A b B SRR L AE A K (4 ) AE K0 A)fFERE 2= R, Hrbih
KA Mn 3K EE A 1.20 pg/L B EAR TP /KK 596.89 png/L [17]. X 7] A 3 5 iy F 3= K A MoK IR 5 1 3512
I, §3 Mn GE NI,

PR B 3 EER I N B R A ZRIR LR A, T AR AR B . XK B 45 (2022) W S R B, 3%
TR, WK T K - R Mn BRIR FEAE 425 (12 H) 22 & T A 4F (2017 4F) HoAh =15 (i 2=
BHEMKZ) [4]. BT, 475 Mn FIPFEIREE(1.72 £ 1.03 pg/L) &2 & T 8Z5(0.858 = 0.847 ug/L)f1E.
Z5(0.946 + 0.902 pg/L) [4]. X—ILR AT HE-5 & Z/RAR A 8 AR SR 26 A AR A0 . DTRR I RE I S s 55 G 2
TR X

U M R 53 A REAELE AN [R] SCHR 45 SR A — 8, 1R K E 55 (2022) W 78 3 BH, 3809R] R U] B
(el A\ @k BRIFEN) K s Mn B2V A S i — 20 BPREARIRER A, B RERXEUK4],
HIX 5 Li 55(2024) F 7o 25 A —50, %0 7R WA 200 R e — AN B (R BN AR R BT 2 NI Mn
15 9 H KN FIHE (29.64 ng/L)miT 5 A-F/KIFEHE(0.23 pg/L) [20], 7F=AIX il 5 o] BE A2
F 7] 10 DX 30 R B 2 i e 0 A AT R A0, KA L A (PR IE AR 2 5% B DA K Tk 3%
(12 Mn PJ5t il NTRT, AT BELE AT PN 3 A FE B [29]

FEWT BT LB 5]1[17] BT P (CNRE K ) [4] HEF W (T AECD [20]
2018429 1 4
20224E7] 4 ‘
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Figure 2. The temporal distribution characteristics of Mn in typical areas of the Yellow River
2. BN EIMER SAMX Mn BYBTE) 2 F4FAE
3.4. MK Mn FEHMTHEIER

KA Mn JCERZEFTIE AR 3 B2 KOS AU AT TR AR SR IR B S TR A & AR DR SR A
[13] [14] o B VAT ) P P B2 AE /K B SR =7, w7 I 500 kg/m3, £ 22 78 3 46 33 21 1000 kg/m? [30]
XA B S RRE ) 9 Mn IR AR 7 ORI R AL, AT RE S BUKE B RS Mn K50 AR
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A5 Mn BRI BT UR A 5 B R SRR R 2E R [31] o kKB (S /K ), OB A (¥ REA% V18 B 44024 0.03 mm,
PAEEF A [32], 10T IR K ), TURRPPRAR A BRI [33] . KA AR AL 2 SEMA IR ) LR TR,
MEZHES Mn BOURBR E 7. AHA0R 4038 # BAT SRR LER AR, BRUbfE oKy, RE SR WIRE S,
B M [R5 PR BE 77T E B 55 o

PO _E iR RN R OK, IR IE B . T, A R AT R AR 2 15 KRR E A
A, RAE A HE M BURYIEE T, S ECETES Mn IKREETHR[20]. tbAh, EFOKIETE, WE
Vs s om, W] RE UK R RS I A AR B A, (REEDTARYI R Min (RETS,  MTTD A2 Jo3 31 X 3 (7K it~
RIS . R DX) T R HE SR EAK M) Mn IR EE[34] . #E AN, AR N, BEAKIRb, TR K SE M
KA, ARGERIRDS, ANEEAR Mn PR [17]

P R IPIX R . KR, PERAR R, ISR, XK A RIRRTS R R E R 5, W]
REFEUKAT Mn (EZLRIE MR Mn)IRIEFEAR. JRT, SREERY & 5140 E B RAARAUK LR L, K
SR R BRI TR B Mn PRI, SFEUR Mn (RS Mn + TR Mn), FERZBURIA Mn 1)
B RN P VR BN [29] [35] [36] PRI, B AKZE Min KR AR A A AR S8 AN R 255 12 3 ) 1 FH ) 2
R7]. TF AF=WRFEKD, FRUKERERHAL KA SRR IS, SECRA TR
PR Mn PG QYRR IREE T . AEARTT RV AT, M I BOAT REZh UK, AR R AR TR, K - T
PO FHIHD 53 T Gk IR SRR A, IR IA ST R T IR R i A A [ AR Min (40 MnOo) it JE DS R A5 )
A A Mn B (Mn2) G BB KRR, S BURM P RS Mn iRk &2 TH=[37].
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Figure 3. The relationship between the total concentration of heavy metals in the upper reaches of the Yellow River (Gansu,
Ningxia and Inner Mongolia) and the GDP of the sampling area
3. W EH(HAR, TERAFGEHX)ESRESRESREMX GDP X &

DOI: 10.12677/aep.2026.162015 139 N RI R Y


https://doi.org/10.12677/aep.2026.162015

a5

NAKRRFEG NEFA R, T RAVARTRAAEANFEZ T M 3K HFE0E A7 72 7 7 [16]
[38] [39]. fan, AETFEWOEF N L HE4H), ZILRSRSHEGRBRKEN, Tl A A
RI17]. AETE L9 I &K A2 10 A), WEFARKES(ALES S G ERCR, &
BRI 2 BB S B (GDP) G KM _ETH[A7] (Al 3 o, Bdleok A A MAE IR FL[17]) . KIZKE,
TR UIBK AR Min BRI RE 52 3 S5 A2 A (A B2 R RS SR B e4038) RN 2K 2l (B 7 b 45 R 4 5 G BN
PR ORIBUER SIZ i) (4 00 E 2

10°
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10! ; .
B i T ep i TR
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Figure 4. Non-carcinogenic risk (HI) of Mn in the Yellow River

4. EAEIAEH Mn BIEBE R (HI)
4. BERRIE
B RO B TR AR Mn (19 2 B G A U KN R, e (K B 2 i

[40][41], EAE S E A5G L4 B (USEPA) 37 (P48 R XU PP R T FFR RS, i B 20 NBEQLEE/RN) I
JEE VAL, ZHESRE Mn 92N AESUEYI[42] [43], tFE AR

ADDingestion: CW x IRxEF xED (1)
BW x AT

ADDauny  CW X SAXPC x ET x EF x EDxCF @
BW x AT

140 BRI AT AT
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HQingestion = MX_’LO*G or HQdermal — ADDuermal
RfDingestion RfDdermal

HI = Z( HQingestion + HQdermaI) (4)

Hr CW KA 5 Y 1 P (ug L7Y)s IR AR ER(L-dY); EF NRZEMZFEd-at); ED NE
FeiT IR (a); BW MfAHE (kg)s AT N-FIETIFI(d)s SA Bz kiR mA (cm?)s PC A= (cm-h ) 1 K
KB E 4. ET NEGMZE(h-dY); CF AT (1L = 1000 cm®); RfD ANHE—{b%75 Je¥) B fe ik
#HZ%E R E(mg- (kg-d) ). 106y RfD X BB E AT 8252 R KF o Mn HEESUE Y, SR 3RS0 X
K $E %0 (Hazard Index, H)RAE KKK, HI <1 RWTEEE X, HI> 1 AFERERK .. A SCR RS
PRI, B b R TR ST B A R XU AT T TR, SRR 1 KR E 4 FTR

T T X AR R AT RT LA, FE AT B B, L B I I 0 T XURS BA TR, 3
T b YRR B RV A DS e T R AN R R B, R B R A R A 2 R, R S B AELE —E IR
BrsKF, AHETEWBL HI AN T 1 (0] 4 FoR), X SREITE a7 IAAE T, S50A] ST B IR K AAef A
A 1 A AL S B 1 1 55

x107° A3)

Table 1. Human health risk assessment of the Yellow River

1 REMERAFERKEATFMN

T L S eI

Max 2.92E-07 1.23E-09 1.45E-08

HQingestion Min 5.87E-10 2.70E-10 1.13E-10

\ Mean 1.19E-07 6.84E-10 2.66E-09
A Max 6.57E-08 2.77E-10 3.26E-09
HQuermal Min 1.32E-10 6.07E-11 2.53E-11

Mean 2.68E-08 1.54E-10 5.98E-10

Max 1.02E-06 4.29E-09 5.05E-08

HQingestion Min 2.05E-09 9.40E-10 3.92E-10

Mean 4.15E-07 2.38E-09 9.26E-09

L Max 1.52E-07 6.42E-10 7.56E-09
HQdermal Min 3.06E-10 1.41E-10 5.86E-11

Mean 6.20E-08 3.56E-10 1.38E-09

5. SEIREMRET
5.1. BANIE

BRI E R S A 0 e TR R ML R KRR R s, JCH R i X, ma
UM R, X E R R S FE I Mn e EXULER TR, Mn T ERAR LUR, AR R
FRARR G R K LRI S, K& Mn JTRBEJE D #EAITIR R S8 [24] [44]. Mn FRIE 2l G it
IIMTITIEREAT 23 M, Herh 0 e BT (PCA) TR T (CA)RE 2 e G it 7 i 2 F T8 U5 B
Vo XL TR 7 A 2 A R T R T A SR, R A UORIR A T 3R A0 — 2K [45] . A BEXT B
TIRTTRRPBK A B TR PCA KIL, Mn 5 Fe. Cr. Zn. Al %50 R —RIHMIE— N ERS T, 1%
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Ry Ry 5 M 5E i B B I RE A OG Y B ARV [24] [46]. Yao SEIEITARIN A5 1114 100 km
AE SRR Mn (&R, JHEREER TEEERTRT 1, MEBTCRRERTER, Ee
JE AT RER BRI R AN SR Mn, G5RRH], ZRFEXIEFY T Mn 108 £ 7P EE N
1.56, IXRHIAESS Mn Jo 3 E 22 HARRIEEH], NN B ENAT]. K B EM TR X
DB 2 RERS R KR Mn By ARk S, @ TR IR 77 UBE KR [48], X2 Mn iR E
B RART FHNBE.

5.2. NJ3kiR

BEE RIS AT R, N AREX Mn S oTmk H 28 5, E 2R TR Aki% s
PAK T BEGK IR [20]. Horr, TOHERAnAREE. A4 RO BIbHE M T4 L) 2 Mn [ B 5
Tk SR X TAV SRR K B AR SHE, P E s B =R B Mn B NI [47] [49]
[50]. Hlt AR - TEIDH B AR R, E85 28+ Mn 5 As. Cu Zkfir RE=14 0.878; 1%
XIH Asy Cu R A RA . EE TSz Hi, ZBanKF Mn =k T HR[5]. A#REN
rh [ B G A e, BT RN A A AR R [51], A AR K R AE iR TS K
Mn 38 i B (P RTA 7R IE) CARCRAT YR I R R P AR R IR AR 8 KRR SRR A NI, BUEN
T[T Mn R BERE AR UE 3 £5 DL 1 [52] . BRpi2 I mE A DG 78 0o, Tl shAHE O R -5 BRSO 3 i
KRB Mn 873 A A7 7E [ 252 [ 18] [53]. BhAh, —SefRZGAMLIE+F & Mn. Zhang i@ i
KR sE R 2= (RN LU 2 W R B, AR IR AR I 2548 7 X Se P it LA B 38 () Min 338 N B 7K 4
[50]. 3T AL G5 K AR 1) Tk R /K 2 Mn 3 KRB 138152 2 —[25]. Wang S55@ i A 2% R4 %
TR TR, HIRE FIE A Z T s B X SRR, AT R 5 IR 4 b R I KT K S R4, BAJ
VG T T R 2R 17 % 2875 K HE O 55[18] .

6. &g

(1) BAEK AR T Mn JTER I 20 A & B AU R 5 NSRS S IE R R R 8521 SR A
TERIY L IX IR R, PRI NI RK BEIR B E AR TK P by N B, TR A
TEEA BT LA R A AEZE R I, Mn RE2BLHZETEEE), EERIINEFMETIRER S,
MR MK A AR -

(2) RHUUSEPA AL RS VPR AT SR R, IR B B b AT TH o, S5 RREL, JLERE
FEBOE WS TN, EWEEE KU T R B, (H HE BN T 1, SRR AT &1, 3
T 25T B 10 KA o N A B i A A RS P R B 3

(3) BRI Mn FRIERAT 2 o, BRI R Ca A )AL IR DL R RSP R 5) 2 4
fith, A iE B (AR Bl R B0 5 /K B HEO R R i Bod £ 3 AE A, Hodh DAL HERG. ek, hd. K
By A HE AT TEEAT L Mn (R B2 DR

T B8 TR 03 A 2 DR P AT i B A FRE P Pl SIS 7 R, ROR TR 2B AR Ge . AR S EL AT 1k
BT, SmidfEa Mn 2SS ARV ER (L A PRI U, T DA ] 5 B2 AT S8R KPR 5 e A e
PRI HEAR S SE IR S

E&WE

TR A EE T MR 321 0(2024GGJIS063); HAb /K FI 7K H K 275 47 Ui B 7% 1111 (202413704) ;. 7]
A o R S R H (24B610004) .
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