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Preface

I congratulate Professor Xiaoyan Wang for this excellent treatise on the effect of
nonpoint/diffuse pollution and its mitigation in watersheds providing potable water. Professor
Wang provides a breath of knowledge on the inputs and mitigation of diffuse sources of
pollution in the watershed and contributes to the understanding and development of integrated
water quality management in such complicated water systems.

The main focus of the book is the watershed of the Miyun Reservoir. This water body is
unique and has great importance for providing potable water to the Beijing capital region and
two other regions located in a relatively dry part of China. Originally, Beijing received potable
water from groundwater and three reservoirs (Myiun, Guanting and Huairou). However,
because of the serious water quality problems in two watersheds and diminishing recharge of
the groundwater aquifer, Miyun Reservoir, built fifty years ago, is the main source of potable
water for the capital city, providing about 75% of its tap water needs. The Miyun reservoir is
one of the largest man-made impoundment in Asia with an original water holding capacity of
4 billion m®; however, because of great demand on water by the capital region and extended
drought period, the current stored water volume is much smaller. In an average year the inflow
in the reservoir is about 400 to 800 million m’ but during the drought years of late 1990s the
annual inflow was reduced to less than 100 million m® while the reservoir supplies 600 million
m’ in a year. The situation with water availability may improve after finishing the South to
North transfer of water from the Yangtze River, at much greater cost and energy expenditures
for transferring water for thousands of kilometers. The Miyun Reservoir water quality is better
than that to be delivered to the capital region from the rivers more than thousand kilometers
away.

The reservoir and its watershed is a very complex system with competing and conflicting
uses. On one side of the issue are the Beijing and Tianjin megalopoli in need of water and
on the other side are the people living in the watershed in their communities, relying on water
from the tributaries for irrigation of their fields and their water supply. Until recently iron ore
surface mining activities were conducted in the watershed without practicing pollution and
erosion prevention. While the water quality in the reservoir is still relatively good, it is
threatened by pollution inputs, both point from the communities and diffuse from agricultural
operations, abandoned mines, land use changes and fishery operations. Also many new dams
and reservoirs were built on the tributaries providing water for irrigation and some industries
that, since the 1960s, reduced significantly the average inflow into the Miyun Reservoir.

The book focuses on nonpoint/diffuse pollution, which represents the major input of
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pollutants to the reservoir, specifically nutrients (nitrogen and phosphorus) and toxic
compounds. Nutrients, as the name implies, nourish the primary productivity of organic matter
in every water body; however, when the inputs become excessive, severe problems related to
excessive and harmful algal blooms may ensue, as it happened in many impoundments
throughout the world, including some in China. Nitrogen and phosphorus are brought into
tributaries both from point and nonpoint sources but lately, nonpoint sources have become
dominant, which is the case of the Miyun Reservoir. The main source of nutrients are
agricultural and urban runoff carrying both nitrogen and phosphorus and, to a lesser degree,
groundwater contaminated by nitrates. Main sources of toxic compounds could be abandoned
mines and also traffic.

There is an urgent need to study the problem of the nonpoint pollution loads, understand
what their sources are, define hazardous lands and land use practices, and develop and
implement a hierarchical solutions for prevention, attenuation, and mitigation of this type of
pollution that would become a part of an integrated regional plan to keep the water quality in
the Miyun Reservoir good and healthy. However, this book is not limited to one water body
and one watershed, no matter how important they are. Being one of the first treatises on
nonpoint pollution published in China‘by a Chinese scientist', this book covers the latest state
of the art and fundamentals of the nonpoint pollution generation, transport from the source to
the receiving water bodies and NP abatement. It focuses on agricultural sources, both crop
growing and animal breeding, but the same principles can be applied to other sources of
nonpoint pollution such as orchards and forestry activities, land use changes (including
construction), and modeling source emissions, transport and attenuation. This information is
indispensable for planners and government officials to define (redefine) protective zones and
permit or restrict activities within these zones. The more we know about nonpoint pollution
the better we can delineate the zones and the activities and link them to the assimilative
capacity of the landscape and the water body itself. An entire chapter is devoted to phosphorus
which is the limiting nutrient for determining the loading (assimilative) capacity to prevent
eutrophication and even eliminate the risk of hyper-eutrophication characterized by
Cyanobacteria harmful algal blooms (Cyano-HABs) that would be devastating to the reservoir
ecology and water supply because there microorganisms produce harmful toxins, bad taste,
clog filters, cause anoxia and severely damage fishery in the reservoir. Other chapters define
and explain nutrient cycles in the watershed generally and specifically in the Miyun Reservoir
as well as models that describe them.

Of note is the chapter on economic policies and tools for combating agricultural pollution.
Nonpoint pollution is not only a technological problem, it is more a problem of the way people

1 A book by V. Novotny and G. Chesters with a title Handbook of Nonpoint Pollution: Sources and Management was translated
into Chinese and published in 1989 in China. See also C.Q. Yin (2009) Urban Diffuse Pollution Control: Principle and
Technologies add Chinese title and Publisher
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use the land, grow the crops and extract resources. The society on both sides of the issue,
people drinking and using water from the reservoir and the people in the watershed using the
land, must be fully involved and change the ways water is used (water conservation and reuse)
and land is managed, and asses and reduce the use of chemicals on the land and in households
and industries. This chapter describes the important change from the top down economic
command policies before the economic reforms in China in the 1980s to the modern and
efficient win-win economic incentives, taxation, and pollution rights trading that have proven
successful in the US and western European countries. Implementing such policies requires
education of the public and government officials and development of successful and
acceptable local and regional policy mechanisms. Research on “willingness to pay” for
abatement and pollution reduction by village people and agro-businesses that would also be
economically beneficial to them, such as reduction of fertilizer application rates by erosion
control practices and safe storage of manure, is very important as well as knowing the
parameters that affect it, so they can be improved by education and incentives.

Finally, the book describes the technologies for reducing nonpoint pollution loads known
in worldwide literature as “best management practices” or BMPs. It is a known fact that rarely
one BMP would suffice to control nonpoint pollution loads; generally researchers and planners
must develop a “train” of BMPs that would do the job starting with on site emissions, and
continuing to improve attenuating the pollutant loads during the transport from the source area
to the receiving water body and developing barriers to the transport. This may lead to the
concept of the entire “ecoregion” where judicious application rates of fertilizers, landscape and
land uses, barriers to pollution flow and proper selection of BMPs keep the loads below the
safe assimilation limits and the water body healthy and sustainable.

The book by Professor Xiaoyan Wang is a great contribution towards this worldwide
sustainability goal. Professor Wang has been involved in the nonpoint pollution research for
many years and is known internationally for her research work, publishing, and leadership as a
Chinese representative on the governing board of the Specialist Group for Diffuse Pollution
and Eutrophication of the International Water Association (IWA). I am pleased to have
worked with her and other Chinese experts for many years in IWA and also as visiting

professor at her university.

oty oy

Boston, Massachusetts, USA
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1.1 HE SRS GetitiR

1.1.1 HEHER

bt NRAGHESI A MO, KISV 4 Ol oy S BRYE ) 8. (R4 FIgTs Gk
AR, K IR VS YRR 43 1 S R (point source) A1 HE 5 (nonpoint source). YRR Tk
PR CA R A TS K EE . B 0. X SE— BN E KIS 30 3
EIRR . EBRAKRKEANT. W T MEFRSKE, K Paiisd] Sis g, iR
ANRe KRS Gy, BRURRR T AEZ 4, BAEKXKE WEAESIEGAAE. BEE SRS
G, ERIRE R EESE P MB R, BN E ETRHE 2 XK TS B
FEEFERH,

3k s U575 B4(nonpoint source pollution, NPS) X FR A HIVRTS Gy, 87 ik 5l & 4475 49
EFFE kb, EREKAZRRMPRIER T, @it AR R i 2K ARt i
IKPE . #5555, 5IH MRS B (Line et al., 1998). 3 [ & i /KiEE IE R4 JE MIRTS Y 5E
SR AT EE . A E . MERE AR KiK. iR, A 2iE
I [ e RS & E A E R KRR IE 3, Bl dE YR 4.

MR AE R R A X R AR R R AEVEA R, AT DR AE s RS e 3T, R
BEFH. k. 7 ILEZ R AESIRE . AR, &FEFEHRAE SRS
YRR than, WiiyaE X th RN . BN THb, &iE A SR T Z A5 J9R,
MEN ILEFHX, I Xi5He b EFHA. Mms, RIAE SRS 32 B ars 3%
I EE SRS B AL,

1.1.2 ER4SE

RN AR SRS R LU AR

(1) FSRFEERELESIEEMHE VR B B, UL 807 A KA, B3
PIIRIEFRHBUSANE 5, HEBCR A a8t RAEBARNME. FOVIE RS R ER
K ST I R B D e B Bt P T RAR IR AR I S M AN ST G, T P R AR LA BB ALY,
PITCA FR e A A R RTS e SR LA R AL

(2) AE VTS RAE NI R K B N B B K Z A, AL e i) B
HuTHERS -

() A AUETG RARME R L P AT REESLIRIRAC I . 5 R UEAR L, AR RS B i
WA B B, R MR AE M BEAT T AR, Tl AR AE AT R
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(4) HF RIS B 70 55 AN AT 38 B Ak S ATt 5t B 2 AR AL S 5 5 % B 110 i) AR
(B FARIAUL AR . A PO AN R 2719 B AR B 1)) A1 2% (8] (AS [R5 ) AR A e B2 K

(5) e RUEAIAELEE AL ORI B I, AR TS K AR

(6) AR TS R AT RE AL B K5 Rt B BRI T R » 52 SR 1K) 1 S5 e e
W ERY. AR,

(1) RIER ™ EEEREAMKY, mEHE RN EAARNZ )G .

T AR RIS R O RS2 X B 2R A R A H3RORAE. HIRA M. Hit
AT HE B KSR E L ME RN, SEARMILMER. 2 aEE . #
FRALERRORA . W ARG L i e A A RV A 1 R R AR L (CE R G, 2003)

1.1.3 EmEE

PRI K G B i A2 A2 T 3 A s YRS P B AR RIS 77, Bl A0 B0 R 8 )
thinn, ARAMERAR S BOK BRA T & HARRLE &R ASA B B A 77 70 KRk
BRI R, (HE DN R F ARG, SEROCE & &R LT
AbFE BB N KA ARAT RO 138, TS TS KB R HE . 2 AR AR R
BUBORERBA & . JE B RE - N REANERE, EMRESEARERZAR. LA
. 3B R 2 I RS2 (R E 2, 2007).

1.1.3.1 "H&E AKX

53 BRI RIS R RS, BRI KN R 2550 Xt R A s R A
—RAERRK K, HRABR KRR ™E. B, FBKFREER RS, HRE
WK MR E ., SEbr b, BEKSREK LRARBIEEER, IS5 E 7R
KEIFMK. BNKERE . SR, oK, 539/ 4 s 5 ATs Geia il
K .
1.1.3.2 L H A A

LRI - HBR T - EENERSHSEFRE, WK, KL HIE
8y T X RN E i B N R L AR REBERAL. BHET SE. I
i, X s 5 4R A 7 SO SRR R TR R OGE 1 AR RS B E S ANIE = ) U
A EHEAS SHRRMAE R SRR, BREERIRTG5.

1.1.33 HHBi+E

b b 550 0 - 48 = B B K R M R AR IR M RS e A S A R T
[, KK BE R R TS K, (EAFFERRURIL I B

TR GEH . WERL AR AR S e R AR B AN e R, AT xR
JE PR YA R . BN, K M SR AR A bt A SR R LU A R AR AL, (H
A RTVA TS RAIB AN T OK)Z . IR 3R ), fRACHE RESR AT HIRAENS LT
il EEFRTR, e LR A &



1.13.4 H#HE=E

PO PR A BAFIE L, T DASCRR R I o AN R S 454, AN R ZKOxt 3ty
735 Mg b A B AR s B WETERIT: AR o5 T LAA R8> R0 B IR &
HH, PR R RO B T R AR Y T REAS RGNS, 4
BB i BE ORI, XK B RIFR R — B HIER . AR A LR R A1
A R KRR PRV RIE IR, AT R, PR R B =
FELA A T ARS8 AR UL oK BB SR, AR KA TR I A

1.13.5 #HoZFREMEER

—ERE L, AT RN E R SR K. BB KT N AR AT T
s AT 3 R A T RE AT . RIS RERE RS h R EE AR . JE
R E IR Rl AR flis R F B 2L RRA A D AEr R, FK
M FE R BRI BB R BHERIRE . & & FRFUIRDL . IERE A 55 .

1.2 EAME SRS Yet ot ik

1.2.1  #ik

5 EE A EAFO LA R R EE RS e dt T B R G A E R 2
—o AT EEANHEEIE YRS I At R

R IR KRR R AR CART R B ) B, 38 B E s e 5 2
MR RIIWE AR T 1930 45,20 tH4d 70 FAR, LEMAG 1 i 7 K%L S (clean water act,
CWA), ERIFAE TS G KB IR o X BA R, 58 A 0 8 R0 3 AN R Hh X 3k 4T
T AR SRS G R B A, T AR bR O S R EE A YRS Gz (8] B R AE
KER, IR 1P AR E S IR AR R AT KA &R, # 7 RPN AERS
TR, FERIFESRAME. EIEAEEAHE. mEER. 2R NAKHY
HH AT AT, R TR R R R, fEER AT B O RS
K. 70 AR, N TR E B, FFaafE SRR T B &R R
Mb5 JeK BRI 00 A P 2 At 1 SSOAE XoF ZK R 1R s e R A AT TR o E KRS B A
TARKAKIE, HACE Z oA A 2 20 5 BRI 90 5 m) 5 E s YR TS Gedas il % D AH G ) 4%
K7 i X R 22 () o0 B, X8R . HE. TEBEREWN-ER &S f i B i it 4
AT BRI 5T .

20 tit 80 4EAX, M YRTS Yt S HbISE Y K. KB X V5 R LR L5
RN o TEAE SRS Je i 5, BHliERRCR R, EFRuRALE, HR1TR
KT 7 AN AE SRS B BORHIT AT, $& 7 — gk st Y5 oy #0C5 T iR, dn
AV B R G 4L 2475 AR I O far AL R AR (CREAM) FH ARk Al U BEANIE
FHITT A TE 55 TS YA RS (AGNPS). AR H R (9 /K42 Pl Pl P 4R A 8 (WEPP) . At



<4 - AERIRTE RO AL A B —— DU RO K PR 51

AE RS AR AN (ANSWERS)% .

20 ted 90 AR, HE SRS B FOE VG R . THRENLEL AR PR B AR K K E
AR SRS Gt AR A T R IO B SR B e B PR A, RTIRE . R
SR R R AR R A E R, BEMER#E. &R, aTiitEss. #1 S5ith
PGB RG(GIS) A A EM A HIE R RGHE I EIE I ThREM K 5 (8 1 HE A UETS
GUiREAL . AN B s . DARGH TR HEEE . IS ERY. GIS Af R IRE R RS
FARE I 3S HARCGERK RS £EREN RS GPS. (5 B R4 GIS) 5 AE di s Yepsi Al 4
G AT HE YRS G B R e O A A SRS B R R . AU . R EE
EWAEY. B, REEKRSTEREEIY (VOCs), BRAZE| 7 HT EE A
W5 WG HOR KB AN A 21 D 2R /K YR Y B8 LR AR, BRI ASRIFR K
VR TR EEALHLEI TS et e . bR KRS, BN T MRS R,
Ak R TS G A7 a7 il SR S IR R ) FE R RS Y B AR R AN s TS G XU VAN
J A S s 3O 87 YA 24 AF 0 F1) B i S i (63, 2003).

122 #EEINAHR

FEREAT AR R U5TS B BT FE CA RS N, S O B I 5 VA R AR,
TBEAT IR ) 12 (8] 5 51 _E AORRADL . B AR R AN (T DAL 2% AR ) U5 BT A 3ERB 4%
A, B R A YRS G A B S AR A RN BOR T B AR RS e A I
X BEAN R AR G0 S N R AR I R R 5 Qe REREAT e iR, DA AR IR YR 1
N R) AN 23 (B RFAE RO IE - ZORUEALERE BRAE . Al SRR s UTs B™ AE R B A S SR 7K AR )
SOMASEAERE RN, I T LAPP A 300 T AR A AR AN R 0 B S BRSBTS AR s Y75 e D fir
KT, Rt R A B R gk S Ak A . BATTF A AR BAELL T LA,

1221 #EXBRESEAEH X

T 3E A RS G it RS BT X IO A sRYS G TR R AN AHE], A
I, Wi R ek X e E I X o EE. HatE N4 ST TR Z MR
(Sharpley, 1995; F ¥ JL%E, 2003; 7KK, 2003; Ouyang and Wang, 2008).

1222 dHBEFLEEHELRBES

S YRS KA M F KRB S 977, A A BRI S 5 %
BAEHRMK. W EME. SESTEM A, R 2 T4 4 ) 8OR
PR, H N R Z 0 ANSWERS f278, AGNPS #i%!, AnnAGNPS A F1 SWAT
FERVAE , [H AP E SRS G R 5 KR o A SN B & & kAT I i R PR RS ) )T 2 —
ANFRE I . EhinZEERL2E 5K Srivastava 25(2002)iE ] AnnAGNPS 5 BMPs fl45 &
%f2 [ USDA (i i (Mahantango Creek, 725 hm®)3E SU5Ts Yetf kAT 7 o0br, I
B S RAEEFREERREN, I X A [ S B AT T X, A TR
W NEIE: S AV R A EER=BLE )i ’

R 05 AR S R IR 2 e AR AR K RIS, AF YR AR RS D X P T 1R AL



B1E % i -5

AR YE . O R T RS EIR A OSSR, M AT AL EAS[E] 05 R 4%
RS, EEUR T R (Mohammed et al., 2004; #tfer46, 2005; XIEGESZE, 2006 B
SEMY, 2010).

1.2.2.3 ik aAE & UR 75 4o 45 o LRI B R R A

RYETF T RBARE, & SMBMATA D, W ASE K 7o K 3AE S5 TS Gufss i 1
SOTE, X EFETHE RO RIATERUA AT, B RO R K IR R AR S
GRS AR A B BRI A 5 1), R T aX O T B AN 2 4 T T — SR R MW 7T (Leodn et
al., 2000; ¥4 R%, 2004), HT GIS AR 1785 1 SR BT AN ] LS 43
PRUT IR K 300K R R A RS G SRS AE « S R 2% A 2% DR R IO SRR BT, Rl ] LA
NI 3 B A A £ P5TS g i RIBR AE R A 10 v S S R (RE B, 2007).

1224 HAFTHWEAHTMH

I RAER, TR ERKLIBR, 2RI MHLEEAY, #Re 2 THE A
VRIS R o T RS RAT i B A s A S R B A, B RERI I 2 4
AR B AT R R RIE, X SE TR E N . X0 B AT A A A R A AT

1.2.3 ST HFEARIERE

e FE P 5 it (best management practices, BMPs), & B 76 5l /b Ak A & 575 Gefi
A AN SEPR S . € FELARMEE K L ORFF RIS BMPs 5€ XON:  “ARATRESS i /D sl 7R
IKEWEG R T EREERERF, A8 TR, E TEMERRIEMETEF. ” H
Hmd. 6. fFFaAsSEN, FHE Qs REslh H a2 2 HEA, Halfd et 7E
BTz EH.

A i Y5 0 B Bt T DA 2 i Sk s/ 42 4 i A 1 I R BR AT B . Uk A=
A TR Sk 3RS B RUR, I b TS e A R AR RS . IR R R
R T it A I A VS eI B A PR B AT SR A A A5 N KA 5 B ) ) B K K Dk
DR GRS R A R R . BriE RGBTSR ORI IR
MR A . BRI, IREMEFRE. S A EYHRE . MRS, didiEm
IEBBEREEEREREAN LB, Wiagmdr. ks

R4 BMPs JRIUAISEPrtE S, R, PA—Is) LI AR N E, I ARGHLE
A, B EMFBRREESR, MAERIRE R SR E . BRIMNEEHT T KR
FIWFFE, FW BMPs 55 fet A Rtz il RO AR i Uis By 13 B A2 AR H HE TS G xt
Hh K BT B S M BF A T SRR GS , AR B B S AR A AT R (R E
i, 2005). HaTAMAE SRS Gt fo H g mAL, IR V2 R AR B
B2 H AT ARSI B X AR S RS AR BT, XERE R S EA AT AT
ZHAN OB ], ENAR A AEARMEFE A RS Bt S AR AR B R . 2005 4, VEE.
IR BORHFNE . MR MREEE E K LA E AL R [ AgriBMPWater T2,
BN A MY AF s 55 B, )07 IR AU AR ML S i, %F LA A7 LE I BURAUL ) BMP fi it



6 - ARG R AR AL i B —— LU R KR i 141

BAT LR T . ENIRERRLSL, S BFRSIANAE2 . R R A AT R 3
NIT SR E VR AL AR RS G P . MIH] AgriBMPWater 752002 [ 75 ¥ 1) Don
WAGHAT T onvatEmi ot . EERIUE A : A RRKMIEHE. A aPIEHE. i
JIHEAE S RERHE N BLEOGR . BIEEGBCR S, 0t B IR AR xS Yefiit S A R
TS 3EAT 7RG, FFEAFRIE. ZR5F DL SR I 7E 24 ) AT 132 52 R LA T T ok
B A AL AR SR TS R B AT 1 2R S VP (Turpin et al., 2005). 7873 F #%-F1 BMPs
FBL RIAFE BMPs R4 & FBe, S m ot ARl AR sl IS ge bl e i, R AR
JRT5 R GIS. RS SR T B &, Xt BMPs £EF | A AR xS e b i1 3
BORANENEHEAT R TE, R R ARSI TT 170 o

1.2.4 SHZFHEFEEER

JE R Gl TREALIE SR . R R A ORI, oGt WM. SEL K
PG — L RGEE K H 20 D 60 FEATTIRREKEKAR RIRTG %, 70 FAUSREE RIS
QiR BEACPIRE B 5 i, AT AR AR A BE N LRI AL AR s Y s e @ o T4 R 2% [E]
B TR S EBBORIT R, W RIRAN . RILATF. KICE. A
L2 R e RIRHINT . AT SEHE 1A 0 T RS e A RS e ) BRI ANAT
itkl, EERATBERE. 5. HE SR AABWNS 55 T BEbAT F rllitG Gz il A
BT TR 1 L.

1.2.4.1 ATHUOEHE

R HA PR B AR T BOR IR O RT SR AN 3EAE, R MR R, H
it FBA A SR MEBUEME, A feomA 1 Hhes LS .

1) £E3ESRFEIH L E L EN

FEE R P EI RSB RAHEMER, 1972 EMMAK OKISHREFFEIER) &
PO AE ST YN E KA, R T E AW “HOKH fum E(TMDL) R 5 1977
HE,  OKIsREEEY BN GEWKEY (CWA), HITHE T EshR AR 1987 4
EXEELEE T GEEKEBIER) , &3 7S IEE R E R Rl &Rk
HBURF & YO AF SR TS Yt kAT B Bh . X SR T2 RIS I0ES), kRl HE
17 SEEEAESIIRIE S . BRSCRE. WBCCEE. HER. HEARR L, WA TR, Wl
P K 0 JE ST Jedm bl TRER R ThtE. 1996 4E 5 H, KEERH LRSS (EPA)
WG TN CGIEATEHRIFER)Y , %iE/ & EPA SRk AR BT R — N EE
DR, RO T AR AT RIFAESE, B 7ESCIE4ERE KA i EH .

CBEH KT et i) 18 S LA R 7 A B R ) “ SRR © 2
G (AWK RBIER. (ERWEHE) MEER. (BMEEE) . (8%
ARBNVGEY «  CBEIREAEE R d s dliEy o (BokKEEslE) RBER. CRERMN
RIBERY . (BRFVEHEITRIER) « (B EHECR B R S84 A
Fe ot 2% 2k s YRS G i 2 K TR E



