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The evaluation and content of typical contaminants in irrigation water during the
slack season in the suburban areas of North River and West River Delta
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Abstract; The contents of environmental contaminants in the water within the irrigation system during the ( summer) slack season after intensive
intervention, such as heavy precipitation, were investigated, which was theoretically the worst case after environmental self-purification. The quality of
irrigation water was evaluated; and its potential pollution risk to farmland soil was explored. From mid-June to late July 2019 ( Rainfall concentration
period) , the study areas were screened in the neighbouring of experimental field of Northwest River Delta cities ( Foshan City, Jiangmen City and
Qingyuan City) , and the overlying water was collected from the water source areas, irrigation channels, cisterns and field after the rain. A total of 27X2
water samples were collected to detect the pH, suspended solids (SS) , salinity, total phosphorus (TP) , ammonia nitrogen (NH;-N), Cd, As, Pb, Cu
and Zn. The change of pH, the source and effect of SS, the grade of salinity, and the distribution of heavy metals in each study area were analyzed.
Pearson correlation analysis and descriptive characterization of the contents of TP, NH}-N and heavy metals were conducted. Single factor water quality
labeling index P, and the comprehensive water quality labeling index P were used to evaluate the water quality of each sampling point, component item and

research area. The irrigation water environment is complex and there is no significant difference in substance migration. Most of the substances in the
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overlying water of irrigation may be in dynamic equilibrium, which is less affected by local environment. TP, NH}-N, heavy metals and other migration

substances are mainly original in irrigation water. After the disturbance by external force, it would migrate in a long distance along the irrigation system

under the action of hydrodynamic force in combination with nitrogen and phosphorus. The river water quality index method was appropriate to evaluate the

quality of irrigation water. It is found that this method can describe the water quality of local irrigation, and can make a scientific and reasonable evaluation

of the water environment content of the farmland irrigation system, and also make a comprehensive quantitative evaluation. Although there is a large

difference among the three studied irrigation systems, it can be preliminarily concluded that the ecological risk of farmland irrigation water is not high in

the Northwest River Delta during the agricultural slack period. The overall comprehensive water quality evaluation level is class I~ class II, which meets

the requirements for the use of water environment function zones.

Keywords: slack farming period; North River and West River Delta; suburban farmlands; irrigation system; water environment; single factor

identification index method; comprehensive water quality index method
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Fig.1 Schematic layout of sampling sites & surrounding environment

in the study area of Qingyuan City
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environment in the study area of Foshan City
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Fig.3 Schematic dim of sampling site layout & surrounding

environment in the study area of Jiangmen City
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Fig.4 Contents of SS, salinity, TP and NH}-N at sampling points
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5.66) ~ (344.00 = 11.31) mg-L™"; #EE 5 1L B Ky
(192.00+11.31) ~ (340.00+28.28 ) mg-L™"; [ ] /K
W ALJE H(232.00+11.31) ~ (372.00£5.66) mg-L™".
QYF1>QY6 . QYF4>QY7 Fl QYF2 B&/NF QYS5, 7] Il
FH ] AR P4 JB2 383 A T8 SR /K™ L2

J7IRAE RARAS K ot Ja AR fk B2 7K, b 1L
5T DX K U8 DI AT 5 7Kt i B 1k B 341 — 20
VLI MRS XK U DXl R R a1 B8 340 — 905 |
(B KA RE A 0 = 2, KA F = (s s
A4 ,2005) I T K IR X IR A0 4% 5]
KA HITE 7Kt 4 A R) K A AT AR R 190 ~ 350



3996 I

¥

40 %

mg - L7 0 A0 BE 90 ~ =4 Hh oK 381k
FER VUL, AT RE ST R4S e i 22 T B SR SR A K.
3.3 SS MR EFNE M

SS BV K AT e it B i Z A8 b, IR AR
K, 327K o R RR A AR R 3R A R i 5 K [ b s
T A KRB 3 sl B0 Sh D0 BRI it 2 E 0 Y
HeEARALIE B N 8 ~ 944 mg-L7' (2015 4F) , iZ R
W T PEYT K BT (R AR KT (5K FHRH L 2018)

B QY6>QYFL, 2 BF 4l =X i it A, it A8
G2 0 A KR AR 3 R K5 QYS < QYF2, QY7 <
QYF4,JM2a<JM3a,JM2b<JM3b, JM5<JM6 , 1 31 55 5
RIMA L MHER A, 55 R ER K 2K, %t A K
P HE IR < IR B, SR AL SR AR G i
UKL SE R B BE.

X HG (A A Hi E B K AR #E) (GB 5084—
2005) , TR JA 3 ABFSY DX HE R /K R 1) SS 7 e drg 78 K
TIPS, B LAY DG AR 11.00 ~ 13.00 1§, 7]
B SR M A FE AT ZK A BRI R VLTI
DX AR 12,16~ 12.25 %, AT fE 5 5 RN 32 72 FH T 7K I
AABRBEER I m 58 X H AR 6.16 ~13.06 £,
A BB S PR/ R Y MLABAR Bl | R AT A B8 3 38 7K 1Y)
wHEFREA K.

120 =ik {
100 [ #kt
==
s 80 |- —
‘—.] 60 - ——
=Y —
e 3 ——
E m? ——
=mEm B
L — T
04 ——
0.2 *%Tm—l ——
0 —
Cd As Pb Cu Zn

Content

TS R LR 51X RN K BIR BT ol 1) g 38 A A
G LT T 5 DR ER g O 04 T G 5 DX B
FERIN, BI7K G| & W R e i 4 & ) A i SS T
ARG RERT, T UL T B K A4 22 i FATL
WK HE T3 IR U 2R W ok B AR U
QY1~QY3~QY4~QY5~QY6~QY7 Fil JM4 JM6 ~

7 194 25~ SR i 15 B 0 o, 3 T /N T SS
I W )N

34 EMRXELEESENH

il LRI DX 4 0 2 i 0 A 2 24 h SR BT (8
H .9 AR 11 A)S5WE(7T H)IKES Cd & &EXT
o373 /N T (A FHRE R K B bR ) ( GB 5084—2005)
PEIRRER (K 6) . 1LK Cd ., As . Pb . Cu.Zn B ¥IE
3512 (0.27+0.02) . (3.80+0.35) . (24.32+1.11) |
(21.94+0.10) . (91.78+7.95) wg- L™"; H Fp E /K
Cd As,Pb, Cu,Zn BY{H 5514 (0.04£0.01)
(5.21£0.33) . (19.04+1.02) , (15.71+0.79) .
(113.67£9.33) pg- L7 A E KA As Pb,
Cu  Zn I A PR 7K SBT3 W) 3 30K B 1) °F 5, XoF
Eb At S0 1 5 A OGP, LT BB S5 NH -N T AR
BIFERIEA.

I3 ¢d

Content/(ug-L™")
o o
(38 w
T T

=3
—
T

LI mnomn . mm

7 8 9 10 11
Sampling time/month

E6 HLUERRZKFEEEELENH

Fig.6 Mean contents of heavy metals in irrigation water samples in Foshan

LIRS X 4 R A i, WRD 7a, YaE /N F
(A HHERE K B3 E ) (GB 5084—2005 ) 44 il #r i
fH.YI7K Cd,As.Pb Cu.Zn B¥I{E 450 (0.17 «
0.12) (2.43+0.47) ,(13.88+3.41) . (24.36+3.49) .
(42.75£19.45) pg-L7" ;MK Cd As .Pb Cu.Zn Y
BBy M (0.06+0.00) . (4.59+0.75) . (5.13 =
0.64) .(9.27+0.27) . (20.10+7.21) pg-L™';fi4E |
K Cd As Pb . Cu.Zn BYF{ES 4 (0.10£0.01) |

(6.80+1.73) . (4.58+0.91) . (11.99+2.80) .(20.25+
10.25) wg-L7"; AEMHEK DT Cd ., As . Pb Cu.Zn )1
B8 514 (0.31+0.29) . (3.33+£0.20) . (11.93
1.00) .(24.18+0.12) . (23.50+3.54) pg-L'. Hr,
YLK Cd \Pb Cu Zn 45 8 T X RDK & it
TP & W & T A RAE A VK 4 s v g
S R Vo= SRS Uib
IR X E 4R & &, WK 7b, Brfg i -
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K P FrimZ Ab, 43 /N T AR H R K BT A o )
(GB 5084—2005 ) = il b 1 fH. # FE /K Cd ., As . Pb,
Cu . Zn I 435 2 (0.08£0.02) , (8.38+0.83) .
(8.22+3.72) .(8.27+0.96) .(28.00+7.07) pg-L™';
HEME 7K Cd, As . Pb, Cu,Zn F9¥J{E 5371 R (0.05 +
0.05) .(8.06£0.94) . (7.24+0.41) . (7.741.06) .
(8.75£9.90) pg-L™';&E/Kith LA/K Cd As Pb . Cu,
Zn B9 5 9 4 (0.16+0.01) . (10.38+1.55) .
(18.41+3.57) . (15.43+0.31) . (31.50+0.71)
pg- L7 H 9 Cd, As . Pb, Cu.Zn B2 4 5 K
(0.19+0.14) (7.39+1.04) .(39.08+8.70) . (14.90+
10.88) .(30.50+0.71) wg-L™"; FEH K Cd. As,

[ a ==Fiv.3
(11D 38
50 A K H
ol 2H

2 30f

Content/(ng-L™1)
—_ )
(=] S

AY T T

AL

041 %
0
Cd As Cu Pb Zn
Content

Pb . Cu.Zn FIME 53R (0.21+0.12) . (18.48 +
3.04) . (152.33+17.39) . (23.98+0.20) , (35.83 %
6.36) pg- L7 FEOK MR K E £ 8 & &
AT, XF LG5 B pH (LA £k BE R/ . 7K 9 pH
(B AL BE I 58 IX 35 & T fae s /K F, & Kb 1Y
pH {ELFNE™ fb B 7R 25T IX & T 35K, o] WL 1 7
IKE 4B & e 2 KB pH (H AT 1L B 52 i AN K
P[] TP F1 NH;-N B9 AH 22 WA R A K
G T i R AR BT H A e 25 KR T )
A AR ot 78 A, 1 DB o T /K % 10 o 42 )
A HH - SER UE RN 25 K AF RS VR, WT e S FE v Tt
R E R

180
160
140
120
2100

==
(ITTID 38
Fokit
KH
I

ol eetil o0 BT
T i

Cu Pb Zn
Content

o«
(=1

<

)

R\ S e e T T T 1
% ;

Content/(ng-L
(=
(=]

S
(=}

0

Cd

7 Ii(a)FEE(b) EBRREKEECRAEST

Fig.7 Average contents of heavy metals in Jiangmen (a) and Qingyuan (b) irrigation water samples

35 BEREA TP NH-N5E£ESEHNHH
NH-N (i hs F 2 5 R AN ITRA D&
PR, HRIAT . OF ILAFFE X E 7K LAY NH; -
N & i B 2 V 2K A5 1 BRAE & iR 0.13 ~ 0.40
mg- L™, AT BE S 0 LT 9T XK IR X 38 NH; -N ¥ 3 =
(1.18~1.42 mg- L") A 5%, VI.il H A B B iE 5%
AT RESE 2 M YT /K U Y 3 2 Tk ke . ()7 a2 iF 5
X QYF1 () NH;-N & 2% V 2K bR BRI 1Y
3.5 1%, T RE S b — 2 E e = DA K K ) R G
FF A OC AR A 9Y X 4% X 38k TP A1 NH-N ¥4F
b VZOKFRAERR(E. I 7K 9 Cd . Pb Cu 1 Zn 1Y
SRR THEE K&, QYF2 Il QYF4 1y H ] K &
Pb R VIR ERBE &L 92 LA
peg- L7, AT BB AR T ] i K 38 AR 8 R G2 4 %
FS1~FS6 JMla~]JM7 QY1 ~QYF4 Bk 57 B 5
BARbR E AT T B E AT (4 1 5) &
RN [ o7 5 P 6 45 B 75 £ (R G 2 Pk 25 5= 7T g

FEMK IR 2 T, K Ak T 3 sh RS s s 3
VAT, & H6 A5 B 18 32 R 0 5% e 22 /)N 5 48 K
3 3E SR RS 22 ) SO i AR AL 2
o E 2 R iER.

3.6 EEEBEMKBRIEMN (EKE)

3.6.1 4F1ESHT  HHE Pearson HHC1EHr 4G
(%£1),Cd . As . Pb . Cu.Zn 5 FhESJE T, Ik Ccd 5
Cu.As 5 Pb 7£ p<0.01 7K b g 3 IEAH AN, Higy
WREA BEMEYE.CA S Cu As 5 Pb 7E p<0.01
K L BFEIEM G, TP 5 NH;-N, Cu 7E p<0.01 K
S TEASE TP 5 As \Pb Zn 7E p<0.05 /K5
B FIEMSE,NH;-N 55 As Cu 7E p<0.01 KV 2B
FEAEAH G, 10 I AT REAE AR AR ] (8 S 5. A [+ 2 [B] o
TR GE K EE S M 85 2B, As \Pb . Cu.Zn 55 TP
TR Z MRS 3 IE ARG, ABE A ], A3 SCHkHg 1
B K TP LL/NGORE A B B i 8 ( B hesd 4,
2019) , B3] FIITRR Al 1) K 1A B R Tl 32 ok F Bk
LA A A B S 45 A S B A ML (4 B,
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2015) , FEWIK AR AR ST A BB 32 2 R ORL A ( £ 43
LA ,2014) s A 22 F 18 S A2 T As SRk
ARG B % (B NS, 2017 ), af DL E
WA G A LASS 598 25 4 A ) Y 1
Fo (] RE. 45 A AR I (FEBE R GEK IR K Ak

FHIRK B AR A ) M ] i PR R AIE (4R FR 0 22
S AN A BEAR S5 ) (255 BRI T R/ 8 18E
JKHr TP NH;-N FlIEE 43 )& 24 2 KAk 5
(4, 32 AP TR S 3N IS 12K 3 34 T 7T Re L AU
HETANHERRGE LA TE.

F1 £HKHE TP.NH;-N.E£ESEZHNHEXRY

Table 1 Correlation coefficients among TP, NH} -N and heavy metal total contents in all water samples

Content TP NH;-N Cd As Pb Cu Zn
TP 1
NH;-N 0.818"" 1
Cd 0.237 0.280 1
As 0.394 " 0.497 " 0.205 1
Pb 0.429" 0.313 0.327 0.745*" 1
Cu 0.636"" 0.617 " 0.797 " 0.279 0.336 1
Zn 0.474" 0.309 0.151 -0.184 0.078 0.358 1

TE: o+ o+ NAE 0.01 AR CUM) B R « HTE 0.05 K (XU L FEAK.

A ZRE(CV) AT DL RS HEAR B T
P BSHIORE B, CV (H A R/ S B AR B 52 I b, — i
CV<10% ] 5578 57K -, 10% < CV < 100% K H 4%
AF IR, CV > 100% A 58 748 55 7K F ( Zhou et al.
2016 AHHESE ,2019) . FH 2 2 WAL, TP 148 5+ R 5L
H 60.05% , b F i AE AR 5K SF s NHE-N 128 5 R 8
H126.97% ,AbFm SFAR KT HE R & IR
ZHUN 52.27% ~174.84% , Y40 T 3 5548 S K,
Hrb Pb Zn B985 RBUYKT 100% ; JL LA Ph #Y72E
St RBURRN 174.84% , 55 5545 318 55 X 1 JR 38 i in]
b K 4 S (A8 S o i 5 A R]  Ph 978 S R AL
B R (AR HESE 2019 ) R B S ey b 1X 32 38 1 Hn A
B X— S PEACTT = A P X BT — Bk R
il B RFSE AR H Ph Zn 32 B IR 228 8 HERL (7K
FiHES 2019) 384T XL TT X BT i A T A b 4
J&/ 4B Z TS T LB, Hod Ph (T RS 76 M
R 5353 | H K T UR A Tl 7% 3678 2% ( Behnam
et al., 2015) FEWTTH X 7 & F2 5 X KR DRI HE ]
X 4 2875 Y% X ek T 3 285 AR 428 (Cd . Pb,
As) I & B0, R AT R i A e R A
1 51.21% ~94.74% , ¥4 ' 2 =5 TACRE AN E IR K (Yi
et al., 2018).%¢ L] UL, Pb  Zn )78 St 52 3R 15 A5
AR B 5 RS RS S A M e 3R A2 P4 A
O3 AR E BRI P

SE GRS AT A REAE , KBUR IAERE K SRS
UK B %5 | K 2R U R G5 I B RS,
T RE SRR S 52 AR O R , BRI AR A T Ak

AP E BN FER 2R 2 T i s TR e ) 2 2 IR 45
X SEPRTE O, Ph A5 AL Sk B2 R BT KA
A ] Zn B 578 S B A2 A 1L R R L A
d Y TP NHG-N RV 4 i & A TR R 22 57, W20
T PEACTE = AR 5 GOk R & 22 57 B AR
I ANF RO T HE R ZR 58 /K FREE 1Y 25 ] 22 S 1k

*2 TP NH;-N.E£ESEMHRMEEE

Table 2 Descriptive characteristics of TP, NH}-N, and heavy metal

contents

ZH wAME RORME beifEz E cv
TP/(mg-L™") 0.027  0.284 0.06 0.10  60.05%
NH;-N/(mg-L™") 0.163 6.943 1.34 1.06  126.97%
Cd/(pg-L7h) 0.016  0.346 0.09 0.13  72.96%
As/(pg-L™") 1.97  21.32 4.81 7.26  66.24%
Pb/(pg-L7") 3.36  236.40 50.17 28.69 174.84%
Cu/(pg-L™") 5.86 38.36 8.00 15.30  52.27%
Zn/ (pgL7h) 0 196.67 42.84  41.39 103.50%
3.6.2 JKIMEREVMN  ARIEE 4 R 5 Al A

FHERL PR 7K T b R 50k 0 25 65 7K B TR 4 0k
Xt 45 SRR AT, AR I H A ST X (% 3) ATV
Br.QY1~QYF4 1y TP WM RS AT T[] —
IKIRHEAT 2208 FH D BE 1Y, AT 35c 1m3 2 REF L 14 s
TEAH.

BT X PPN S 5L P UL 36 3. B F K AR iR
TRBER/INT 6; L5 B K& R T 28~ 25,34
FIZKER DB DX A1 FH BSR4 A Td AR K AR
FRUEY (GB 5749—2006) Y PEA 45 5, NH]-N 1 Pb
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W iR, PR AR A B R B AR TR XK H K
T8, T L 1% 7K JRy A A% X BIF 9 IX A 3 RO K/ 7K
T 5 e AU AN 1.

(A3, A% 2R A i B DEAN 25 2R . AR 8 PR PR 7K
FRIRFEBOE R 20 B, NH-N & FE 520 [H 1, FS4 ~
FS6 Al QYF1 3X 4 ~RAF 5 4 NH;-N R F /K b
PHEEER K T 6, 84 V J5K; Bk NH]-N 4k, TP fll
Pb A A FIERFE SRR, R FA L K
R ZR KRBT EM S SR 1T 25~ 28, Horp QYF1

QYF2 QYF4 S M2, HAR A RAE SN T 2 (LITLT]
MR X 3 ) | T2, SRRk R ThBE X A4 FHER .

A F LI E T 45 5 - NHG-N & 3225 0 [
T, FS KA QY AFHIAY NH-N B Tk bRl g
AR T 6, 045 V 5K Bk NH;-N 4, QY FEHI K
Pb B PR AR IR IS BB K T 65255 KR PEM 45
Hh T2~ M2, Hrp M #EE M fiffe 2k 125,QY
R R M2, A 454 ot H 35 8 1128, 36 2K 3%
BEUIREIX 1 ff 2K

®3 EWRREMER

Table 3 Evaluation results of each research area

L NG A O S
WX
TP NH}-N Cd As Ph Cu Zn P KGR DIREXITAR

Wil B R Gk 88 3.50 5.60 1.20 1.10 3.30 2.00 2.10 2.700 IES By
L4k FEE 2 S K PRI 2.60 3.00 1.20 1.10 1.90 2.00 1.50 1.900 1% kbR
T VI R Gk PR 4.90 3.90 1.10 1.20 3.90 2.00 1.50 2.600 [|BS Ktz
WL X AT 3.00 4.10 1.10 1.10 3.50 2.00 1.80 2.400 |BS kbR
PETER R bR / 3.00 3.00 1.20 2.00 3.00 3.00 / / /

T AL T AN A8 DX BT K BRARUR B P AR EBR P

4 251 ( Conclusions)

1) IR 7K T 52 0 R R i ——— 52 0 1% S 18 2 S
FEb5 SARKIBTEARAEAE — o 25 57 IS e X IR B /K
R U R B TR SURL 114 5 ) 58 K 5 W K ol ] £ i
E M I K A T G 0 0 1 P50 AT, 2 2 %
U K H 1 K R 7= A — 52 52 W) Pearson AH e 143
Mrai R R, As \Pb Cu.Zn 5 TP N [FEJHTH, As,
Cu 5 NH}-N M [a] T #%. 45 & A & & SR A E
ISR, T LA W R J 7K o TP NH; -N Al
4R I R B R KR T R Y, 2 A T
WK J5 fE K s IAE R T Rl BE LA S BB S
W R G kR B B R, ARG CV R T I
Cd As Cu TP &b T &7A8 oKV vl F H pE AL =
Y i DXV A HR R 4315 Y W o A AR G R
PR —IL R A S BT RE0E [ R L A 55 Ao
VFEr L.

2) PHALIT = A INE M R GOK AR AR AN &,
T X RRZE S K P oA T 26 ~ T 26,385
TKIRBE T DX ol FH B SR R R R HE 7K AN 23 5%
A FHHEE 22 G0 7K BR B 7= A e R ). HL v 55 B R
5%, NH;-N Fl Ph & & AHX 45, 2 A BRI H
HE KLY K 5 BURE B R TR O AN 45
RV ARG A 16 RO AR B 5 R 7K A

PR EL, A58 X 25 A4 )0 H SR, NHE-N
A Ph A AR R, JUHOR: Ph, XA HIE B A
GEAK IR 1R K IR AE — R AR S AU, AN A
TN HEB UM & SRFH. KL, B s 4 B HEK
FURIH AR kb Ph AY 3% 0 8, )2 & B A
VA T HEAR RS2 I , DA 1BE 28 S8 /K PR3 0 s R 1K
PRI 4
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