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Abstract. Watershed-scale non-point source pollution monitoring is an important basis for systematically understanding the occur-
rence, transportation and transformation processes of agricultural non-point source pollution and its effective control. Presently
methods monitoring non-point source pollution at field scale are relatively mature, while methods applied at watershed scale, partic-
ularly the layout of monitoring section and sampling frequency setting, are rarely studied. This paper reviewed the main progress of
sampling section layout, sampling frequency optimization and loading estimation of river sections. From the perspective of sampling
layout in small watershed, there are three types of monitoring design including probabilistic design, targeted design and both. Sam-

pling points were located with genetic algorithm, fuzzy logic method, entropy and modelling method, etc. Sample collection meth-
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ods include random sampling, compound sampling, comprehensive sampling and continuous sampling. Compound sampling is
widely used. Concerning the sampling frequency, once every 1-2 weeks is sufficient to obtain accurate pollution loading. If higher
accuracy Is necessary, the monitoring frequency and special sections can be increased when hydrology/water quality variation is
large. For loading estimation, average method, interpolation method and regression or curve method were widely used. Concentra-
tion estimation algorithm by flow-weighted, interpolation and LOADEST are simple and exact. Selection of methods could be further
optimized based on the characteristics of pollution sources in different periods of the basin.

Keywords : Small watershed ; non-point source pollution; layout of monitoring points; monitoring frequency ; loading estimation
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Tab.1 Classification and characteristics of monitoring design
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Tab.2 Sampling methods and its main characteristics
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Tab.3 Summary of the influence of sampling frequency and algorithm on fluxes estimation

el T TS il
£l 12~600 ¥R/ 4 2 T 1) 40 2 R A A LA [80]
ol i~ A IR s 5 o U B U A PR R B PN [81]
Al 12~ 104 /4 13 1 R/2 JR B RAFEAT R AN R AT (E 3 [82]
RE JA .2 R A 22 TR BEAT R A [ TS 7], 8 7 52 7 3R 2 i) [83]
£l JA~2 A 5 SR FH 10 A5 018 L8]3R AR [84]
RE K~H 7 NOZ-N %t 75t B (DRP) TP il PP R4 ] 431 g [65]
15,1010 11 5 K ; ek
fel x~A 8 T NG SRR AT, A7 2 A vk de [62]
ERAS 2~30 K 1 ORI BN ZEAR U Ny S TR (TDS) \NO3-N [85]
DRP TP %4 % ( NH;-N) &7 Wik (SPM)
gl 12 /it~ A 1 AR R R (TON) (Si af SR A 4% ; DRP TP n[ RS [86]
el 12 /N ~2 A 9 NG R A R ] B30 5 3 He AT 249k B0k fdr [58]
Aell 2~30 K 8 N THE KGR R R AR R R B9 3 ~ 4 KGR [87]
e 12 /A ~30 K 2 —AEE/DTREE 6 AN H 19 100 ~200 N [88]
Rl H JAMBEHLRAE 6 S B R B [ 25 A 0 3T T 3 22 W, A s B R MRS g B iy [48]
RE /N~ A 1 A REA , 3 A AR SRR, B R K T R U [49]
gl H ARE AR 7 TR W I ] AL RN Rl Y e 2 R 1Y [79]
Al 2~30 K 2 R IERV € 5 e Sk W YN LR A W N [Pl X [47]
Al 1~30 KAME LK 6 LMEAGEERBCR&AF ; DRP (NO3-N RAES 2 13~26 /NIFFI 2.7~17.5 K [66]
RA J&~H 1 JA ~ HRABE S AR K R B Hr Al (AR REFE A R L Sy el AnAs b [89]
BE 4~12 R/AE 1 FETF IR ST RAE WAL T3 F BEALAN B 09 R A [63]
gl /NEE ~ A 1 (78 52 e 160 i) s 04 SR AR AE R Fe T [90]
FOSN J&~ A 1 JEVBR SRR B 437K B S B0 A7l R 5 [60]
FRIH 2K~H 5 NO3-N Al E M ICHLA (SIN) [ TN DRP R A 4% ; TP Fl TS [91]
SKAERIBAN 2~7 K3 ik s B AL | Lo Bk R i 4 2
felk 6~8 /NET 3 NO3 -N 4538 H Al B AR 5 Mk B A1 4 85 01 R 52 & D IR i [12]
qel 3X~2H 7 R 1 /2 SRR RAE T SR M AR (B 7k [67]
Al 9 /A 5 iK1 SR T W B 3 P35 3%, K R F G i A 72 [92]
gl NG| 8 KA BT 7 R 4% 2l e RTINS I [93]
i) 6 1k 12 /AT 5 ORERYTE YR AR I B AR S % F2K 01 0 Wi i SR P s M DA R [ 94]
W 2~30 K 5 CODy, 3R 42 Ry 343k, NH 3 -N SR FH I 3 £ (e v [95]
W H 5 SR R B vk B 5 AR e i B it i e B [96]
Al 6 W/ 4F 5 SRR e o 5 16 B AR AR e B i T AR A Gk [97]
RE &~ A 7 T INRGE SO T [98]
RA EPNNESN 7 KA 10~ 20 K, i A4 b R B [P 2995 = R A mlE . [77]
B 7~40 K 1 TP (AT TN, S K XN 3k e Bt SRR Wl TR B 20 K, )z mf 40 K [99]
gl J& 3 H SR RAE R LOADSET 875 [100]
PR H 6 LA R R S B B AR LT R [101]

2 WiEmEEMER X

R 8 A A SR AN QR AR A R K, Vries A1 Klavers'' ' 75 faf 22— AN X A9 BF 5T R W, 0T 3
15 Y ) e A 5 T ST 2 SR SRS, LU BT B X 2 T /v A 4 W e 50 R 8 AR 4 K
B, EEA T 3 BT EE Ry Ik T A G R0/ 2Rk O PR kA S KR (1



FOBFONRBRRLERGEEMN@ILEL G RYBSELA TR 1419

SISy Ik B ) A QAR (L 4 (L RO Kl (o B2 AN ) o B3 PR e Kl 2 5 [l U1 (A ) 77 3k M
T30 R AK SOK B2 RRAE
21 BRMBERE

TR A 0 BT TR 14 95 24 30 AT DA DA MR 32 194 R 8, 5 e ) e kA A 5 A T ™ i AR A AR
HHSESCZR 1 W T I 75 Y v B 5 AT TE AR G SRS ATE G 3 ROG R 1™ 445 2 35 2R FH S U
TIPS 2 R it IR TS B33 32 B T I P 7 SR R 0 I 1 P4 kSR AR AR SR I BV 249 0 B AR S i T
2 M 00D e S k. TR 0 RS Y 8 i B A S DR AT T LA, A R T IR i A K )
IR AN 4 Fs.

# 4 WAk
Tab.4 Fluxes estimation methods
JIrik =N b Ak
Ci Qi .
A L=K(Y -~ -5 SR RERE S B v TR LA Ry i 1104
=1 i=1
n C . Qi
B L=K - IR ] 3 e P-4 g 104
~  n
C L=KY(C Q) SR ALV 2 TR LA AT W Y T i Sk g 5
=1
- no (.
D L=KQ(Y ) RSP
i=1 n
IR
£ L=K——0 R AR T 1 )
0,
=1
365
F L=K) (Cp;-0Q) 2 P (i 1 1)
i=1
365
G L=K)» (C,;-0Q) Rtk e 18310
=1
H L=MY 1L, LOADEST 5 [1%]

=1

# L FORI Bl i K R A R T C R (mg/L) 5 Q308 H i (m*/s) 5 Q F/R PR (m/s) 5 Qi N
Qi Qi PP (m/5) 5 €,y FORRAERTEIL ISR BE (] (mg/ L) 5 €, FoR BHZE TR MM B (mg/L) 5 L 3R
WIS ey &, i el RS 2.

IERIE K 327 A0 BERT 2 T ) Al B0 28 3B AT 23 M, A M 00 DT T ) S M4 2 22 38 O I [ 1 247 19
|V

0() = [ QW+ (1) = 0, + Q1) (0

C(1) = iTjTC(t)dz +C"(1) = C, +C"(1) (2)

K, Q, ABTBCOESH G C, BT BOE MR s T RSB Q7 A C” 43 5 A Ui VAR BE B B B SPAH. BF B
W P (3) £k

W:ﬁF(t)dt =va(¢) SC(ndt = Q, - C, - T+JVQ” SOt~ Z 0, CAt =0, C, - T+i0", S C'A,

(3)

FE 8 AR (2 4) 500k A A1 D (R EINBCT Xk BEE , £ = U i B B 3 BEAsR s 357k B #i C

o FH 23U F AL e 3 s s 3k ELF R G D) S 17 P 4 1 A S sk ek 1 S [ ) D R



1420 J. Lake Sci.(#3a#2) ,2022,34(5)

e 8 ARG e A, At s I (] B A T A 53R 4 P D7k 55K (3) BEAT X L, AT AR BT A D SRR
BT (3) RS L ITCRRALII) | T 2200 TS 2 I (I B ) | (8 A R v 2 O I T A
A7 S O A e IS 42 9 1) i A AR AR 5 73 AR D B 2250075 T 050k A SR FH R 2 8 T S92 00 O - 2%
Tk D R BRI BB Tk BLCLE F I G WY ISUAR A0 4% , 7%k B A1 C B 22 500 76 TR F B 1
PR SR SR T 5 05 E SR TR INASC SR 5 B2 3 ek SR AR DAy I B s Uy
5 F SR AE 7 12 , R 128 I PR M A (0 e 0 JEE 50, 5 W A 15 o At 0 1) SR AR DAy ) Bl
5 U G ORI IR 5 O e AR S SG 28, T det 00 A 38, 5 5 M M0 AR A P s A0 50008 15 80 I B k5
T2 M) T 32 5 10 D A 300 RSP e M0, P 0 5 R (] o000 ) 308 S, I o 2 A 3 e B .
IR DTTE A~ G I SEAT B0 L 64 Y B A0 PR A , P A T A A R vk O R DU i
AR T 5 R A 0 ik g e A, SR U BRSO R A I S s i A D (NG P T 4 DR 0 S T (T T T 4 20 ) Y
SR TG Y B A Ok B IS SR RO Dk CLE S S T IR SRR Y A R D7 ik TSRS
Wy HERCR AR S AN SR AT O 5 71 G R H BRI S v P mll B B B Y IRl OC R (R 5)
225 I B b A R 0 R A

Tab.5 Application orientation analysis of the estimation methods for period-fluxes "

Jri XL R R JO7 JH 1
A f x XL T e R O A 0, S kAR i B R AR
B f A S5 AR itk AP L 500 5 R o PR P i 20
C A f SRR U dek T, R0 2 TR o PR P 7 20
D A x eI T 24 B O A 7 0, S IR AR A A AR
E A A SR VRIS BOS AR R A AT BOE A w5 AL ol
F El A s AR 1
G f f S ARAR T ek B4, R BRI BE AR B AT G C R
H A A SHR 28 T ek ISR 1) ) T, SR A R E A U5 O AT S 56 2R

2.2 fHEEHERE

H TR R 7 8 B 4 AP AR R R 25 5, RO 0 1 T8 P R 9 2 14 A 48005 2 g i T 5 1)
Pz RS F TS Y R 1 2 B A T B B (A ) o TR (7] 75 e 1 SR
PR R A 53 L 8 A~ F 3K 7 Ry s v, 5T 00 e AR 38 5 1 ( E) R (580 (F) 2 R 280k
RSO A B B T AR T NOS-N I B R O E RS AIE N E R F Y
AR S Z MR N T L T, 7 BT TN A TP A SR T ik B 58k DO TP (G PP) (94
ORI EAE E RN T A2 TR RN A R A AR R (F) I R B R
7RO R O ik H BT R ARG LOADEST #5863+ 5t 2532 il Akaike {75 U/ ( AIC) Al
Schwarz J& WA 4 U] (SPPC) KPR EAT (A 4G 36, DRIk, 726 97038 ek 60 SO 00 A5y v 9 L 4, (L33
i T fh . BT I W A A 2 R AR ) K TR, I FLR R 5 X 48 S 2 () R i 4
ANTOT I T G H 3K [T IR AR A S B A 5T S B AR [ G S [ A 3 Ao e
o T o5 B e

SRR LT {6 75 e 1) A S R 24 R JB 1) A AR O Tk ST Bk 7 3 A B 1
R U0AF B R A B . 35 IR IR RN R R K 0 AR TR £ S R A B e R BLACR T  H B k
P B T T S 75 e i R 7 A TR S SR, S EOE AR A B R R T A 3 AN Z T ek,
TE T A R 0, K00 50 05RO A5 2 X1 < P 1 306 F P i 00 B b B fg 1
b, A BFFOR A ARG A 20 SIHEAT 00T , S BRI B P e J8 5 ) B 2 BU( 786 E) L, 2
R P A TS Y B, SRR MR ORI A AT i, S R T BRSO T R s A R e R
[ 7K SCI B s Y i 8 A 3 45 R 32 A K SR T A R 5 AR A v B, 2/ S0 SRe FR SR R i B A A i D %
ATET I i DB 7 125 B, SR 0 DI85 5 AR G B K SRR IE AT D7 125 B T2 5 B SR SRR A 3R LTS e i 5



FOBFONRBRRLERGEEMN@ILEL G RYBSELA TR 1421

i fk A RT3 HJE AT LGRS SRS M A9 1 5 70k "™ e, o T AR A ] Bt 0037 05 e
SRR RS T IR T (R 5).

T 3t R AR AR 20 T R A SR AR R . e AR I 3l H A B A I s A SR AR AR, Al 3T
TS Y 1 P s A St R DAL, A b 3 A B L AR B L s A
P ) R IBCRAL B2 R IFR B 0, — R RS , B b2 e vl LA th 3 30 1
TR AN s 1 DR 38, S A 45 508 0 5y L A A i K SCRRAE ™™ 75 Y YRR (5 VB ot 9 2
) I SRR T SRR I ] RN A

3 &k

BT 2P AR R 2R, X A ol T 05 T G W 0 D 1 s e A 2, D0 R A il X, ) D T
TRV T30 A g4t v, a0 DT T A5 35 AR SR AR 346 e %) i) e ik 505 ) 22 AR RN AR v Ak 28 T X R 36 b X AR X6 5
UEFE AR A A BB AN, 33Kt A — R B 5 0 1) 0 T 4 o B RSP Bl 3S B M5 B AR Fifk
SO MR AR I e, 38 AR Ml VRS e W 7R W 2 R AL | 1 SR BEAR I O 1) & . KRR T ST B2
(14 I R 22 R o, it N B3R5 DI, oo 0 5 | 00 388 AR AR, 4 A0Sl 7 s v A R YR R A Bl Ak

AR S 3o SCHR B ) =X, AR /NG SR R A5 A 1 SRS R A A R T TR S A B 1 3 R R
VAT T VEANA BT A28 . BAR A R W T 58 7 7E 78 402 SR L Y I SRR K SCARAE A 2T
SR T 2 , L it SCRR Il BATS flE S R — S SV A R , T R A 4 W ot 5%

4 &% 3k

[ 1] Technical specification for agricultural non-point source pollution monitoring at the watershed scale. NY/T 3824 —2020.
[t il T Y575 G s U AR BT, NY/T 3824—2020. ]

[ 2] Agency EP ed. National water quality inventory; Report to congress. Washington, DC ( United States) : Environmental
Protection Agency, 2017.

[ 3] Xue BL, Zhang HW, Wang GQ et al. Evaluating the risks of spatial and temporal changes in nonpoint source pollution in a
Chinese River Basin. Science of the Total Environment, 2022, 807 151726. DOI; 10.1016/j.scitotenv.2021.151726.

[ 4] Ministry of Ecology and Environment of the People’s Republic of China, National Bureau of Statistics, Ministry of Agricul-
ture and Rural Affairs of the People’s Republic of China eds. Bulletin of the second national survey of pollution sources. ht-
tps://www.mee.gov.cn/xxgk2018/xxgk/xxgk01/202006/t20200610_783547.html, 2020-06-09. [ Hi4E A\ R ILHIE 4= 25
W, ERgitR, P ARILAE R AN . 5 R e E S R A LR ]

[ 5] Ministry of Ecology and Environment of the People’s Republic of China, National Bureau of Statistics, Ministry of Agricul-
ture and Rural Affairs of the People’s Republic of China eds. Bulletin of the second national survey of pollution sources. ht-
tps://www.mee.gov.cn/gkml/hbb/bgg/201002/t20100210_185698.htm, 2010-02-06. [ FREE LI, ERG TR, &
A8, B — U 5 Y A AR

[ 6] Roygard J, McArthur K, Clark M. Diffuse contributions dominate over point sources of soluble nutrients in two sub-catch-
ments of the Manawatu River, New Zealand. New Zealand Journal of Marine and Freshwater Research, 2012, 46(2) .
219-241. DOI: 10.1080/00288330.2011.632425.

[ 7] Gassman PW, Reyes MR, Green CH et al. The soil and water assessment tool ; Historical development, applications, and
future research directions. Transactions of the ASABE , 2007, 50(4) . 1211-1250. DOI; 10.13031/2013.23637.

[ 8] Ullrich A, Volk M. Influence of different nitrate-N monitoring strategies on load estimation as a base for model calibration
and evaluation. Environmental Monitoring and Assessment, 2010, 171(1/2/3/4) . 513-527. DOI. 10.1007/s510661-009-
1296-8.

[ 9] Brauer N, O’Geen AT, Dahlgren RA. Temporal variability in water quality of agricultural tailwaters; Implications for water
quality monitoring. Agricultural Water Management, 2009, 96(6) : 1001-1009. DOI. 10.1016/j.agwat.2009.01.011.

[10] King KW, Harmel RD. Considerations in selecting a water quality sampling strategy. Transactions of the ASAE, 2003, 46
(1):63-73. DOIL: 10.13031/2013.12549.



1422

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

J. Lake Sci. (#:64}+3) ,2022,34(5)

Lennartz B, Tiemeyer B, de Rooij G et al. Artificially drained catchments—from monitoring studies towards management
approaches. Vadose Zone Journal, 2010, 9(1) . 1-3. DOIL. 10.2136/vzj2009.0149.

Kelly PT, Vanni MJ, Renwick WH. Assessing uncertainty in annual nitrogen, phosphorus, and suspended sediment load
estimates in three agricultural streams using a 21-year dataset. Environmental Monitoring and Assessment, 2018, 190(2) .
91. DOI: 10.1007/s10661-018-6470-4.

Richards RP, Baker DB. Trends in water quality in LEASEQ rivers and streams ( northwestern Ohio) , 1975-1995. Jour-
nal of Environmental Quality, 2002, 31(1): 90-96. DOI. 10.2134/jeq2002.9000.

Royer TV, David MB, Gentry LE. Timing of riverine export of nitrate and phosphorus from agricultural watersheds in Illi-
nois: Implications for reducing nutrient loading to the Mississippi River. Environmental Science & Technology, 2006, 40
(13): 4126-4131. DOI; 10.1021/es052573n.

Renwick WH, Vanni MJ, Zhang QY et al. Water quality trends and changing agricultural practices in a midwest US water-
shed, 1994-2006. Journal of Environmental Quality, 2008, 37(5) . 1862-1874. DOI. 10.2134/jeq2007.0401.
Carpenter SR, Booth EG, Kucharik CJ et al. Extreme daily loads: Role in annual phosphorus input to a north temperate
lake. Aquatic Sciences, 2015, 77(1) . 71-79. DOI; 10.1007/500027-014-0364-5.

Steidl J, Lischeid G, Engelke C et al. The curse of the past—What can tile drain effluent tell us about arable field manage-
ment?. Agriculture, Ecosystems & Environment, 2022, 326: 107787. DOI. 10.1016/].agee.2021.107787.

Barkle G, Stenger R, Moorhead B ez al. The importance of the hydrological pathways in exporting nitrogen from grazed arti-
ficially drained land. Journal of Hydrology, 2021, 597 126218. DOI: 10.1016/].jhydrol.2021.126218.

Liu WL, Youssef MA, Birgand FP et al. Processes and mechanisms controlling nitrate dynamics in an artificially drained
field: Insights from high-frequency water quality measurements. Agricultural Water Management, 2020, 232. 106032.
DOI; 10.1016/j.agwat.2020.106032.

Wang YG, Wang HY, Zheng YL et al. Advances in research methods and control technologies of agricultural non-point
source pollution: A review. Chinese Journal of Agricultural Resources and Regional Planning, 2021, 42(1) ; 25-33. DOI;
10.7621/ cjarrp.1005-9121.20210104. [ F—#%, FiFHE, FBAHKEE. Al W55 Je i 75 7 vk 5 8 il £ R BiF 57 2k e
o = el R S K, 2021, 42(1) : 25-33.]

Agency EP ed. Monitoring guidance for determining the effectiveness of nonpoint source controls. Washington, DC; Envi-
ronmental Protection Agency, 2016.

Behmel S, Damour M, Ludwig R et al. Water quality monitoring strategies—A review and future perspectives. Science of
the Total Environment, 2016, 571 1312-1329. DOI. 10.1016/].scitotenv.2016.06.235.

Alilou H, Moghaddam Nia A, Keshtkar H et al. A cost-effective and efficient framework to determine water quality monito-
ring network locations. Science of the Total Environment, 2018, 624 283-293. DOI: 10.1016/].scitotenv.2017.12.121.
Do HT, Lo SL, Chiueh PT et al. Design of sampling locations for mountainous river monitoring. Environmental Modelling &
Software , 2012, 27/28; 62-70. DOI; 10.1016/].envsoft.2011.09.007.

da Luz N, Kumpel E. Evaluating the impact of sampling design on drinking water quality monitoring program outcomes.
Water Research, 2020, 185. 116217. DOI; 10.1016/j.watres.2020.116217.

Yang X, Liu Q, Luo X et al. Spatial regression and prediction of water quality in a watershed with complex pollution
sources. Scientific Reports, 2017, 7. 8318. DOI; 10.1038/s41598-017-08254-w.

Dressing SA, Meals DW, Harcum JB et al eds. Monitoring and evaluating nonpoint source watershed projects. Washington
DC: U.S. Environmental Protection Agency, 2016.

Karamouz M, Kerachian R, Akhbari M et al. Design of river water quality monitoring networks; A case study. Environmen-
tal Modeling & Assessment, 2008, 14(6) . 705-714. DOI. 10.1007/510666-008-9172-4.

Sanders TG, Ward RC, Loftis JC et al eds. Design of networks for monitoring water quality. Colorado: Water Resouces
Publications, 1983.

Strobl RO, Robillard PD. Network design for water quality monitoring of surface freshwaters: A review. Journal of Environ-
mental Management, 2008, 87(4) : 639-648. DOI; 10.1016/j.jenvman.2007.03.001.

Park SY, Chot JH, Wang S et al. Design of a water quality monitoring network in a large river system using the genetic al-
gorithm. Ecological Modelling , 2006, 199(3) . 289-297. DOI: 10.1016/j.ecolmodel.2006.06.002.

Chang CL, Lin YT. A water quality monitoring network design using fuzzy theory and multiple criteria analysis. Environ-



F

[33]

[34]
[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]
[44]
[45]
[46]
[47)

[48]

[49]

[50]

[51]

[52]

BF DRBR L @R TGN @RS 5 fiE 4 AR 1423

mental Monitoring and Assessment, 2014, 186(10) ; 6459-6469. DOI; 10.1007/s10661-014-3867-6.

Karamouz M, Nokhandan AK, Kerachian R et al. Design of on-line river water quality monitoring systems using the entropy
theory: A case study. Environmental Monitoring and Assessment, 2009, 155(1/2/3/4) . 63-81. DOI. 10.1007/s10661-
008-0418-z.

Wisconsin Department of Natural Resources, Optimizing a monitoring design in targeted watersheds: The targeted
watershed site selection tool. Madison: Wisconsin Department of Natural Resources, 2015.

Sharp WE. A topologically optimum water-sampling plan for rivers and streams. Water Resources Research, 1971, 7(6) :
1641-1646. DOIL. 10.1029/WR007i006p01641.

Horton RE. Erosional development of streams and their drainage basins: hydrophysical approach to quantitative morphology.
Geological Society of America Bulletin, 1945, 56(3) : 275-370. DOI. 10.1177/030913339501900406.

Asadi A, Moghaddam NA, Bakhtiari EB et al. An integrated approach for prioritization of river water quality sampling
points using modified Sanders, analytic network process, and hydrodynamic modeling. Environmental Monitoring and As-
sessment, 2021, 193(8) ; 1-15. DOI: 10.1007/s10661-021-09272-y.

Jiang JP, Tang SJ, Han DW et al. A comprehensive review on the design and optimization of surface water quality monito-
ring networks. Environmental Modelling & Software, 2020, 132: 104792. DOI: 10.1016/].envsoft.2020.104792.

Alilou H, Rahmati O, Singh VP et al. Evaluation of watershed health using Fuzzy-ANP approach considering geo-environ-
mental and topo-hydrological criteria. Journal of Environmental Management, 2019, 232. 22-36. DOI. 10.1016/].
jenvman.2018.11.019.

Li J, Tian LQ, Wang YH et al. Optimal sampling strategy of water quality monitoring at high dynamic lakes: A remote
sensing and spatial simulated annealing integrated approach. Science of the Total Environment, 2021, 777 146113. DOI.;
10.1016/j.scitotenv.2021.146113.

Camara M, Jamil NR, Abdullah AFB et al. Economic and efficiency based optimisation of water quality monitoring network
for land use impact assessment. Science of the Total Environment, 2020, 737. 139800. DOI. 10. 1016/]. scitotenv.
2020.139800.

MacDonald LH, Smart AW, Wissmar RC. Monitoring guidelines to evaluate effects of forestry activities on streams in the
Pacific Northwes and Alaska, 1991.

Gibson GR, Barbour MT, Stribling JB et al eds. Biological criteria; Technical guidance for streams and small rivers. Wash-
ington, DC ( United States) : Environmental Protection Agency, 1996.

Nguyen TH, Helm B, Hettiarachchi H et al. The selection of design methods for river water quality monitoring networks: A
review. Environmental Earth Sciences, 2019, 78(3) : 1-17. DOI; 10.1007/s12665-019-8110-x.

Horowitz AJ. An evaluation of sediment rating curves for estimating suspended sediment concentrations for subsequent flux
calculations. Hydrological Processes, 2003, 17(17) : 3387-3409. DOI. 10.1002/hyp.1299.

Horowitz AJ. Determining annual suspended sediment and sediment-associated trace element and nutrient fluxes. Science of
the Total Environment, 2008, 400(1/2/3) ; 315-343. DOI. 10.1016/].scitotenv.2008.04.022.

Jiang Y, Frankenberger JR, Bowling LC et al. Quantification of uncertainty in estimated nitrate-N loads in agricultural wa-
tersheds. Journal of Hydrology, 2014, 519 106-116. DOI. 10.1016/j.jhydrol.2014.06.027.

Cassidy R, Jordan P. Limitations of instantaneous water quality sampling in surface-water catchments: Comparison with
near-continuous phosphorus time-series data. Journal of Hydrology, 2011, 405(1/2) . 182-193. DOI. 10.1016/j.jhydrol.
2011.05.020.

Jones AS, Horsburgh JS, Mesner NO et al. Influence of sampling frequency on estimation of annual total phosphorus and
total suspended solids Loadsl. JAWRA Journal of the American Water Resources Association, 2012, 48(6) . 1258-1275.
DOI:; 10.1111/j.1752-1688.2012.00684..x.

Pohle I, Baggaley N, Palarea-Albaladejo J et al. A framework for assessing concentration-discharge catchment behavior
from low-frequency water quality data. Water Resources Research, 2021, 57 (9): e2021WR029692. DOI. 10.
1029/2021 WR029692.

Harmel RD, Cooper RJ, Slade RM ez al. Cumulative uncertainty in measured streamflow and water quality data for small
watersheds. Transactions of the ASABE, 2006, 49(3) . 689-701. DOI. 10.13031/2013.20488.

Skarbgvik E, Stdlnacke P, Bogen J et al. Impact of sampling frequency on mean concentrations and estimated loads of sus-



1424

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

J. Lake Sci. (#:64}+3) ,2022,34(5)

pended sediment in a Norwegian River: Implications for water management. Science of the Total Environment, 2012, 433,
462-471. DOI:; 10.1016/].scitotenv.2012.06.072.

Lu XX, Li SY, He M et al. Seasonal changes of nutrient fluxes in the Upper Changjiang Basin: An example of the Long-
chuanjiang River, China. Journal of Hydrology, 2011, 405(3/4) ; 344-351. DOI: 10.1016/j.jhydrol.2011.05.032.
Kovacs J, Korponai J, Székely Kovécs 1 et al. Introducing sampling frequency estimation using variograms in water research
with the example of nutrient loads in the Kis-Balaton Water Protection System (W Hungary). Ecological Engineering,
2012, 42 237-243. DOI: 10.1016/].ecoleng.2012.02.004.

Alewell C, Lischeid G, Hell U et al. High temporal resolution of ion fluxes in semi-natural ecosystems-gain of information
or waste of resources? Biogeochemistry, 2004, 69(1) : 19-35. DOI. 10.1023/b: biog.0000031029.46798.7f.

Li B, Yang GS, Wan RR et al. Temporal variability of water quality in Poyang Lake outlet and the associated water level
fluctuations: A water quality sampling revelation. Resources and Environment in the Yangtze Basin, 2017, 26(2) . 289-
296. DOI: 10.11870/¢jlyzyyhj201702015. [ Z=pK, AL, JroRE4AE. B FHHTHI K 5T 2004— 2014 4RAR 4k K Hoxd 7k
RLARA AR R XK BT AR Y JE 7R RVL BB IR S5 35T, 2017, 26(2) : 289-296. ]

da Luz N, Tobiason JE, Kumpel E. Water quality monitoring with purpose: Using a novel framework and leveraging long-
term data. Science of the Total Environment, 2022, 818; 151729. DOI: 10.1016/j.scitotenv.2021.151729.

Birgand F, Faucheux C, Gruau G et al. Uncertainties in assessing annual nitrate loads and concentration indicators; Part
1. impact of sampling frequency and load estimation algorithms. Transactions of the ASABE , 2010, 53(2) : 437-446. DOI.
10.13031,/2013.29584.

Moatar F, Meybeck M, Raymond S et al. River flux uncertainties predicted by hydrological variability and riverine material
behaviour. Hydrological Processes, 2013, 27(25) : 3535-3546. DOL: 10.1002/hyp.9464.

Kerr JG, Eimers MC, Yao HX. Estimating stream solute loads from fixed frequency sampling regimes: The importance of
considering multiple solutes and seasonal fluxes in the design of long-term stream monitoring networks. Hydrological Proces-
ses, 2016, 30(10) ; 1521-1535. DOI. 10.1002/hyp.10733.

Stelzer RS, Likens GE. Effects of sampling frequency on estimates of dissolved silica export by streams: The role of hydro-
logical variability and concentration-discharge relationships. Water Resources Research, 2006, 42(7) : W07415. DOI. 10.
1029/2005WR004615.

Johnes PJ. Uncertainties in annual riverine phosphorus load estimation: Impact of load estimation methodology, sampling
frequency, baseflow index and catchment population density. Journal of Hydrology, 2007, 332(1/2) ; 241-258. DOI. 10.
1016/j.jhydrol.2006.07.006.

Horowitz AJ, Clarke RT, Merten GH. The effects of sample scheduling and sample numbers on estimates of the annual flu-
xes of suspended sediment in fluvial systems. Hydrological Processes, 2015, 29(4) : 531-543. DOI. 10.1002/hyp.10172.
Littlewood 1G. Hydrological regimes, sampling strategies, and assessment of errors in mass load estimates for United King-
dom rivers. Environment International, 1995, 21(2) ; 211-220. DOI. 10.1016/0160-4120(95)00011-9.

Moatar I, Meybeck M. Compared performances of different algorithms for estimating annual nutrient loads discharged by
the eutrophic River Loire. Hydrological Processes, 2005, 19(2) : 429-444. DOI. 10.1002/hyp.5541.

Williams MR, King KW, Macrae ML et al. Uncertainty in nutrient loads from tile-drained landscapes: Effect of sampling
frequency, calculation algorithm, and compositing strategy. Journal of Hydrology, 2015, 530. 306-316. DOI. 10.1016/].
Jhydrol.2015.09.060.

Li Y, Yen H, Harmel RD et al. Effects of sampling strategies and estimation algorithms on total nitrogen load determination
in a small agricultural headwater watershed. Journal of Hydrology, 2019, 579. 124114. DOI. 10. 1016/j. jhydrol.
2019.124114.

Aulenbach BT, Burns DA, Shanley JB et al. Approaches to stream solute load estimation for solutes with varying dynamics
from five diverse small watersheds. Ecosphere, 2016, 7(6) : €01298. DOI. 10.1002/ecs2.1298.

Vanni MJ, Renwick WH, Headworth JL et al. Dissolved and particulate nutrient flux from three adjacent agricultural wa-
tersheds: A five-year study. Biogeochemistry, 2001, 54(1) . 85-114. DOI; 10.1023/A: 1010681229460.

Jiang R, Woli KP, Kuramochi K ez al. Hydrological process controls on nitrogen export during storm events in an agricul-
tural watershed. Soil Science and Plant Nutrition, 2010, 56(1) . 72-85. DOI. 10.1111/].1747-0765.2010.00456.x.

Gao P, Josefson M. Temporal variations of suspended sediment transport in Oneida Creek watershed, central New York.



F

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]
[80]

[81]

[82]

[83]

[84]
[85]
[86]
[87]

[88]

[89]

[90]

BF DRBR L @R TGN @RS 5 fiE 4 AR 1425

Journal of Hydrology, 2012, 426/427; 17-27. DOI: 10.1016/].jhydrol.2012.01.012.

Horowitz AJ. A review of selected inorganic surface water quality-monitoring practices: Are we really measuring what we
think, and if so, are we doing it right?. Environmental Science & Technology, 2013, 47 (6) . 2471-2486. DOI. 10.
1021/es304058q.

Hooper RP, Aulenbach BT, Kelly VJ. The national stream quality accounting network ;: A flux-based approach to monito-
ring the water quality of large rivers. Hydrological Processes, 2001, 15(7) : 1089-1106. DOI: 10.1002/hyp.205.
Gonzalez-Nicolas A, Schwientek M, Sinsheck M et al. Characterization of export regimes in concentration-discharge plots
via an advanced time-series model and event-based sampling strategies. Water, 2021, 13 (13). 1723. DOI. 10.
3390/w13131723.

Coynel A, Schifer J, Hurtrez JE et al. Sampling frequency and accuracy of SPM flux estimates in two contrasted drainage
basins. Science of the Total Environment, 2004, 330(1/2/3) : 233-247. DOI; 10.1016/j.scitotenv.2004.04.003.

Duvert C, Gratiot N, Némery J et al. Sub-daily variability of suspended sediment fluxes in small mountainous catchments &
ndash implications for community-based river monitoring. Hydrology and Earth System Sciences, 2011, 15(3) . 703-713.
DOI: 10.5194/hess-15-703-2011.

Yang TT, Zhang L, Yue Y et al. Optimal estimates for dissolved and suspended particulate material fluxes in the Yangtze
River, China. Environmental Science and Pollution Research, 2021, 28(30) : 41337-41350. DOI. 10.1007/s11356-021-
13581-7.

Moatar I, Person G, Meybeck M et al. The influence of contrasting suspended particulate matter transport regimes on the
bias and precision of flux estimates. Science of the Total Environment, 2006, 370(2/3) : 515-531. DOI. 10.1016/j.scitot-
env.2006.07.029.

Defew LH, May L, Heal KV. Uncertainties in estimated phosphorus loads as a function of different sampling frequencies
and common calculation methods. Marine and Freshwater Research, 2013, 64(5) : 373. DOI; 10.1071/mf12097.
Richards RP, Holloway J. Monte Carlo studies of sampling strategies for estimating tributary loads. Water Resources Re-
search, 1987, 23(10) ; 1939-1948. DOI. 10.1029/WR023i010p01939.

Rekolainen S, Posch M, Kémiri J et al. Evaluation of the accuracy and precision of annual phosphorus load estimates from
two agricultural basins in Finland. Journal of Hydrology, 1991, 128 (1/2/3/4) . 237-255. DOI. 10.1016/0022-1694
(91)90140-D.

Kronvang B, Bruhn AJ. Choice of sampling strategy and estimation method for calculating nitrogen and phosphorus trans-
port in small lowland streams. Hydrological Processes, 1996, 10 (11). 1483-1501. DOI. 10.1002/( SICI) 1099-1085
(199611)10: 111483 AID-HYP386>3.0.CO;2-Y.

Phillips JM, Webb BW, Walling DE et al. Estimating the suspended sediment loads of rivers in the LOIS study area using
infrequent samples. Hydrological Processes, 1999, 13(7) . 1035-1050. DOI. 10.1002/( SICI) 1099-1085( 199905) 13.
71035. AID-HYP788>3.0.CO;2-K.

Guo YP, Markus M, Demissie M. Uncertainty of nitrate-N load computations for agricultural watersheds. Water Resources
Research , 2002, 38(10) ; 3-1. DOI; 10.1029/2001WR001149.

Moatar F, Meybeck M. Riverine fluxes of pollutants: Towards predictions of uncertainties by flux duration indicators.
Comptes Rendus Geoscience, 2007, 339(6) : 367-382. DOI. 10.1016/]j.crte.2007.05.001.

Bowes MJ, Smith JT, Neal C. The value of high-resolution nutrient monitoring: A case study of the River Frome, Dorset,
UK. Journal of Hydrology, 2009, 378(1/2) : 82-96. DOI. 10.1016/j.jhydrol.2009.09.015.

Tiemeyer B, Kahle P, Lennartz B. Designing monitoring programs for artificially drained catchments. Vadose Zone Journal,
2010, 9(1) : 14-24. DOI: 10.2136/vzj2008.0181.

Birgand F, Appelboom TW, Chescheir GM et al. Estimating nitrogen, phosphorus, and carbon fluxes in forested and
mixed-use watersheds of the lower coastal plain of north Carolina: Uncertainties associated with infrequent sampling. Trans-
actions of the ASABE , 2011, 54(6) : 2099-2110. DOI: 10.13031/2013.40668.

Sergeant CJ, Nagorski S. The implications of monitoring frequency for describing riverine water quality regimes. River Re-
search and Applications, 2015, 31(5) ; 602-610. DOI; 10.1002/1ra.2767.

Reynolds KN, Loecke TD, Burgin AJ et al. Optimizing sampling strategies for riverine nitrate using high-frequency data in

agricultural watersheds. Environmental Science & Technology, 2016, 50 ( 12). 6406-6414. DOI. 10. 1021/acs.



1426

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

J. Lake Sci. (#:a#+3) ,2022,34(5)

est.5h05423.

Elwan A, Singh R, Patterson M et al. Influence of sampling frequency and load calculation methods on quantification of
annual river nutrient and suspended solids loads. Environmental Monitoring and Assessment, 2018, 190(2) . 78. DOI. 10.
1007/510661-017-6444-y.

Tan H, Zhao W], Wang L. Study on the estimation of pollutant fluxes for Dongliao River based on hydrological periods.
Journal of Anhui Agricultural Sciences, 2012, 40( 1) : 337-339. [ fH, #X ¢, FAE. AL /K75 Je i B 5
W O, 2012, 40(1) : 337-339.]

Li HE, Li C. Comparision of calculation methods of pollution load for control section of river. Journal of Water Resources
and Water Engineering, 2013, 24(2) : 1-4. [ ZEPRRL, 222 ] g4 il W 1 5 e A far 3800073k LU KBRSk AR
4R, 2013, 24(2): 1-4.]

Fu G. Analysis of the estimation methods for the river pollutant fluxes( I ) : Comparison and analysis of the estimation
methods of period fluxes. Research of Environmental Sciences, 2003, 16(1) . 1-4. DOI. 10.13198/j.res.2003.01.3.fug.
001. [ [, Al i G w307 g a0 ( 1) —— I B A 505 2 LB . BREERR=AT5T, 2003, 16(1)
1-4.]

Hao CL, Deng YX, Wang YH et al. Study on the selection and error analysis of riverine pollutant flux estimation methods.
Acta Scientiae Circumstantiae, 2012, 32(7) : 1670-1676. DOI; 10.13671/j.hjkxxb.2012.07.032. [ bk, XX, i+
AKHEAEE . DL T Y ) 38 il B 1 B e B iR 22 A, PR AL A2, 2012, 32(7) ¢ 1670-1676. ]

Wang H. Annual pollutants flux calculation of water quality monitoring sections in mainstream of the Huaihe River. Water
Resources Protection, 2004, 20(6) . 37-39. [ TFWE. WA T 7K 55 Wt 1 ¥ e 4 4F i A 55, K6 (%47, 2004, 20
(6):37-39.]

Wang WP, Hong HS, Zhang YZ et al. Preliminary estimate for the contaminations fluxes from Jiulong River to the sea. Ma-
rine Environmental Science, 2006, 25(2) ; 45-47, 57. [ £ P, #t1E4:, sk BB 4. JURTLIS YL A8 w146
BLOIBHIRER2E, 2006, 25(2) ¢ 45-47, 57.]

Wang JL, Jiang GQ, Ren XW et al. Investigation of monitoring strategies estimation methods for watershed pollutant fluxes.
Environmental Protection of Xinjiang, 2011, 33(2): 1-7, 18. [ THEWN, Z2E, (7505, Hilis Ye 25y
EWTFE. BRI, 2011, 33(2): 1-7, 18.]

Cai YQ, Tang XY, Zhang JQ et al. Study on optimization of the monitoring frequency of nitrogen and phosphorus loss flux
in the river of a small hilly catchment. Environmental Pollution & Control, 2021, 43(5) : 614-619, 658. [ ZX3ekk,
T, RENRAE. RN R R T A I IR R AR BITSY . RS S S BIA, 2021, 43(5) @ 614-619, 658. ]
Cheng GW, Du ZP, Yan CA et al. Impacts of water quality monitoring frequency and extreme climate on the estimation of
nitrogen and phosphorus fluxes in river of Plateau Lake basin. Acta Scientiae Circumstantiae, 2020, 40( 11) : 3982-3989.
DOI: 10.13671/j.hjkxxb.2020.0155. [ #EEIf, AkReMS, f 2255, K B AT 28 5 H o A< A0 xd g D 9 A 3T it
RBEE B R AR, PRERAAE, 2020, 40(11) : 3982-3989. ]

Su JJ, Li XY, Wu Z. Comparison of different methods estimating annual sediment loads in river cross sections based on ir-
regularly measured data. China Environmental Science, 2017, 37(1) ; 218-228. [ #igtE, Z24UH , 2. FHSZE
AT e V0 AR SR 1907 1 UL, TR IE BRBERL, 2017, 37(1) : 218-228. ]

Vries AD, Klavers HC. Riverine flues of pollutants: Monitoring strategy first, calculation methods second. European Water
Management, 1994, 4(2) . 12-17.

Quilbé R, Rousseau AN, Duchemin M et al. Selecting a calculation method to estimate sediment and nutrient loads in
streams : Application to the Beaurivage River ( Québec, Canada). Journal of Hydrology, 2006, 326(1/2/3/4) ; 295-310.
DOI: 10.1016/j.jhydrol.2005.11.008.

Preston SD, Bierman Jr VJ, Silliman SE. An evaluation of methods for the estimation of tributary mass loads. Water Re-
sources Research, 1989, 25(6) . 1379-1389. DOI. 10.1029/WR025i006p01379.

Gorski G, Zimmer MA. Hydrologic regimes drive nitrate export behavior in human-impacted watersheds. Hydrology and
Earth System Sciences, 2021, 25(3) . 1333-1345. DOI; 10.5194/hess-25-1333-2021.

Ren Y. Study on surface water quality assessment and pollution load of Ebinur Lake Watershed based on SPARROW model
[ Dissertation | . Urumqi: Xinjiang University, 2017. [ {F%. £F SPARROW 55U (1 3 He ) v 38t e A OK R BEy K35
QMBI 2R 3C] . BEAST . Frdiis, 2017.]



F

[107]
[108]
[109]

[110]

[111]
[112]
[113]
[114]

[115]

[116]

[117]

BEDRBR L@ RFTEENG@IRES T ESBEHELAALR 1427
Shih G, Abtew W, Obeysekera J. Accuracy of nutrient runoff load calculations using time-composite sampling.

Transactions of the Asae American Society of Agricultural Engineers, 1994, 37(2) . 419-429. DOI. 10.13031/2013.28093.
Littlewood IG. Estimating contaminant loads in rivers; A review. Wallingford: Institute of Hydrology, 1992.

Littlewood 1G, Watts CD, Custance JM. Systematic application of United Kingdom River flow and quality databases for es-
timating annual river mass loads (1975-1994) . Science of the Total Environment, 1998, 210,211 21-40. DOI. 10.1016/
S0048-9697 (98 ) 00042-4.

Webb BW, Phillips JM, Walling DE et al. Load estimation methodologies for British rivers and their relevance to the LOIS
RACS(R) programme. Science of the Total Environment, 1997, 194/195. 379-389. DOI. 10.1016/S0048-9697 (96 )
05377-6.

Zhang D, Duan H, Yang HX et al. Study on the estimation of river pollutant flux in rural area. China Biogas, 2015, 33
(3): 95-98. [5kJ}, BeEK, HpUbERas. AHAT it i i V5 YL il AN ST B 52 Th ETE <, 2015, 33(3) : 95-98.]
Marinovi¢ Ruzdjak A, Ruzdjak D. Evaluation of river water quality variations using multivariate statistical techniques. En-
vironmental Monitoring and Assessment, 2015, 187(4) . 1-14. DOI. 10.1007/s10661-015-4393-x.

Jha B, Jha MK. Rating curve estimation of surface water quality data using LOADEST. Journal of Environmental Protec-
tion, 2013, 4(8) : 849-856. DOI: 10.4236/jep.2013.48099.

Park YS, Engel BA. Analysis for regression model behavior by sampling strategy for annual pollutant load estimation. Jour-
nal of Environmental Quality, 2015, 44(6) . 1843-1851. DOI. 10.2134/jeq2015.03.0137.

Fu G, Lei K. Analysis of the estimation methods for the river pollutant fluxes( Il ) : Error judgment of time-averaged or
section-averaged dispersion fluxes. Research of Environmental Sciences, 2003, 16 (1) 5-9, 42. DOI. 10.13198/].res.
2003.01.7.fug.002. [ &=, . WIS g ppm de i 507 50 (1) —— I 23 S 2 g 10 e 1R 22 HU . PRI 2%
5T, 2003, 16(1) : 5-9, 42.]

Aulenbach BT, Hooper RP. The composite method: An improved method for stream-water solute load estimation. Hydro-
logical Processes, 2006, 20(14) : 3029-3047. DOI. 10.1002/hyp.6147.

Snelder TH, McDowell RW, Fraser CE. Estimation of catchment nutrient loads in New Zealand using monthly water quali-
ty monitoring data. JAWRA Journal of the American Water Resources Association, 2017, 53(1) . 158-178. DOI. 10.1111/
1752-1688.12492.



