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Seasonal Variation of Colloid Particles in the Shallow Well Water of a Small

Watershed of Purple Soil

ZHANG Wei'? , TANG Xiang-yu’" | XIAN Qing-song””’

(1. School of Tourism and Land Resource, Chongqing Technology and Business University, Chongqging 400067, China; 2. Key
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Academy of Sciences, Chengdu 610041, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; Colloids are the major carriers of various contaminants during the downward transport into groundwater. To explore the long-
term dynamics of colloid in the groundwater and its influencing factors, a one-year monitoring of colloid concentration and water
physicochemical parameters was carried out in the shallow wells in a purple soil dominated watershed in the hilly region of central
Sichuan. The results indicated that colloid concentrations within a year had a strong seasonal variation with the coefficient of variation
being larger than 0. 5. The maximum of colloid mass concentration could reach as high as 14. 68 mg-L™" (the corresponding number
concentration being 1.34 x 10° L™") , which occurred in the non-rainy season and was caused by the physical perturbations from water
taken. Physical perturbations of rainfall led to the distinct peaks of colloid concentrations in the well water at the early stages of rainy
season while it did not occur at the end of the rainy season even upon heavy storm. Water chemistries (EC, Ca**, Mg**, DOC)
showed the dominant role in determining colloid concentrations and status in the well. The facilitated transport of contaminants (i. e.
pesticides and heavy metals) due to the increased colloids in the shallow well water at the early stages of rainy season would potentially
pose a great threat to the drinking water safety in the study area. Therefore, it is strongly suggested to increase the monitoring
frequencies in terms of colloid concentrations and well water physicochemical parameters following the large rainfall events during this
period.

Key words: colloid ; groundwater; particle size distribution; purple soil; seasonal dynamics

AR 2 AEAE T H R BREE . AR IORL B R Y TR T2 AR TR 4 Bl s Qe Wy i2 B M X RT3, H R,
PR T AR LA B & By 3R Tk 27 A XA AL (an WA ORI R I . R Y B AR = NI AU
K2y ME) . BHEFRS (B, R) UKESES AR R BAABOR T B 0 5T 4 P A A AR/
Yy B B W B RE L TR T R A KA i b T K e AR ok v BE | kAR oA . A
R R S HEBH (size exclusion ) A L faf HE FH ( charge B LA BOKAR 2B R A 3 A28 Tk, McKay 26 #R R
exclusion) BT , e R URL ) T iE RS B ep R G peug RIS PSR I I 2 A2 L LR (9 BB AR AR B
B S PR IR URL O K RS M e i e 2016.08.30
25 P ALY R R UE A M T K i E 2 E&WE: EEARPARESTH (21307152) ; WJIE“ A Aitxl”

TiH (142)

PRI 7 X b K R 2 A b A 1 U FEE A WAEC1987 ~ ), 5B M-, WEIT, J BEBF 56 7 )y SRR
2 YA  E-mail; zw512119@ 163. com

%Mgﬁ*jﬁﬁi*%ﬁi N E%%B@@?%%Hﬁfﬁﬁi%ﬁ * JBEAEH , E-mail : xytang@ imde. ac. cn



88 AN 5%

(FCTERIAR B OB 78 T 5 Kb i & 4R
Kuno %1 SRAE T I £ R S M3 LRI 100 m
1300 m FH0 T AKHE i, 34T 0 SRR R v 21K
T 1o mg L7, FEJRIZCRH S T KRB DL &
PHES T S e, 3 SR (AR JoURn 22 e TR o 3. T
TE W& S ARr b X 766287 ok T 3 B, T 7k e e A A e
B PR T (E R (AR R e B s A IR B 3Z2 2] pH |
BEFOR I/ ZH LA K A LR S . FE Yucca
Mountain [ 2 24 B A H T H 7K 1, Cizdziel el
W B, 4B CO, 0 R A8/ N2 7 B0 IR
£ A LR TR AR W S R ) R 2T A
PETCHUAR I L. ATV X 75 7K )2, Rani 451"
R & BT AN]SR A 82 I K b e A AR ke 8
F0.05 ~6.0 mg- L~ Z 0], H /K £k B by, i 44
SUAL Ve JE BRI

LA BT K AR U B ik 5 i B A SR A AE
F14) = 2 [ RLAE AN 3 T B VR o TR 4 e i ] P
AN g A7 ] —Bsf B PN B A IR 1Y) sl A 2 Ak, Bk = X
R KV H AR SR B ) 7 S AR AR 1 ATF 5.
EN MDY TR P RN RE =S S PO SN
R I AR ISR, 25 45 AR AR S H 2 A
B4 R B AR ORI RS AT 14 RS 2 L DX iy B A
FECR St 1 B b 2BV It v R A R X
SR IGA6 R ) R T S (AU Ve B AT R I 1 ~ 2 B
G010 TR ZE K S B R R 2 T K X
Z—, A2 ] A e bR X B KR 2 —.
IR, A9 X 32 b X b R TR K B s AR 90 A
ZHE .

1 #RE5FE

1.1 WSS XA

AHIGE KA AT 1 e e DX AR /N 4
(B 1), A0, 35 km®. 2 M X & W #HT 2 KU
ZAF (1981 ~2006 4 ) “F-HIREIK #E 826 mm, & B Fk
KA 5.9% | 65.5% | 19. 7% M 8. 9% H Z=5 1k
TR S ER 0 2 U I N AR b 3
BT ECTERE  PUR IR EE 1 22, Wy 2 R H
7 AR ( > 50% ) AkHb 7K TR S R L
T 1 B LR 2 I 7K A ME— R 7K R
1.2 W5k
121 Wi RO A it R 2

JE B S B /N A R R, — R —
PO L — O AHESE 43 B e B T
3PP A R AE AR R A gk % R Sy W

B % 38 %
N
A
SERR (m)
0 100 200m - IR
— o WEME

E1 #ihmEsntaERE

Fig. 1 Location of monitoring wells in the Jiuliu Watershed

(). &MAEHA T 24T 5 (R P, 82t Py
BRI LA R 7 sCBUK A R A 36 FH KK B, 5K
K I T RS AN TR SRR KR, T AR B
T S E K BBOK J7 R AR UK

M2013 51 HE 2014 4F 1 A, AT REW D
FEFEARRE S SRR Ry 2 Ji — Ik (5K & Sk
B4 YOKFE) . SRAERT S R T & I e sk 3K
T 28 b3 (1) 7R3 A SR K A (B 3 3 AL B 3 R K
2 B B N 20 em 2247, R B ST BIE
HURFERS N B IR B T8 /R B K IR (R, IR KRR
TRAE T I KRR E AT/ NS P 1 R
Bedham 55 0+ A A B 2 (31°16'N, 105°28'
E). HEEMREGE MR Gl 3 (F ).
1.2.2  FESLINRE K o3

JREAAR UL 5T VR B (mg - L") TR AE 2 K58 I
M5E SR T2 48 A9 L 0] WLy See s vkt
P 400 nm. JFAE R AAURL BT LR BE (e, ) W 5E
SERUR , KK EEBEAT 2 min /K5 A 4R 3% (100W,
KQ-3000VDE ) Zb 38 | F— ¥ Lt 0,0 2 15 3] 8 75 f5 Y
WE (¢,). FETF e BURE A 5 vk B R FH AR 2
A R AR Uk B e B (L) T

N, = 6c/md’p (1)

A, N, BRI BUKFE AR R A H (L)
¢ MR B (mg- L") ,d AR AR A
WFFE R 2 pum (A5 AU 5 2 Ve 3 0 e 4R B
G AR B Y v A R 1 BR — 3K, p N R
(kg-cm_3) BT —CR 2. 60 kg-chﬁX?
%A

FEoK Hp B R HRAR 20 A (PSD) R FH O G kL
B 5 (LA950 , Horiba ) , LA 3 Y 42 I 5 Y Y0
YERHIK BRI A EE . pH FTHL S (EC) A9



14 SRAEST ;580 INRUEIR R I F K P AR A 215 AL 1k 89

ERHE AR E T (Senslon + MM150) . 46, I
IKIRFEZE 0. 45 pm JERT IS 64T Mg® | Ca®* ¥
JE (B T35, 16S-900) LA K % i 44 HILB% ( DOC)
I R (L Bh 53 ML, Auto Analyzer 3).

2 HBRESH

2.1 HRHALIE RS R shas ek

BRI, B TR (5 A) |, HKR AL P
ETF FZE (5 ~9 A) 4B E R K 2R
W e e NS0 E] K LB R (K 2) . (HEKR K
IR A E6 H 14 H 7 H 12 H 8 H 25
FHBLT 3 LA N EEL IR 2(b) ] (AR
S, 1% 3 UKL BT ) X A A A T 2 ) e i 21
PR SRIPIA]. 2 P T SR B A B I 5 A B
TS B A UK S KA R AR 19 3 2
P IHAOKIRIN 4 A28 BTV, 7 H ik

SFAREH W (FE-H-H)
-+ - b o -t o - -+
f}l l“ll (“'l l“ll !"Il f"l o !“Il
ol o -+ o -] = (o] (]
- < < =1 = = - o
I ) I o o ] ) <+
= = = = = = = =
(=] [} o~ [} [} L} (o] [}
-40
g 50 :
2 ; '
& -60 : :
® : :
-70 S
-80 R
% 15 ; : :
s | . H :
i 12 :
E 9 : i
- A
E \.*,/\/\. |
ET / \u-e .""l..__
18 A R
E s e .s
12
i 9
5 oo Aaa-hdoa - _A-h-a-d—ba—at
% 800 f ;A\/‘ \f A k
S 700 =BG
= g5l ~-pH
= s0f
= 151 &HA&J \f“ AAAA,/ o s
—I_—']-a Bg N T
- F -, Ve
; 90 h \"\U_.o—-'v ‘{v-vlv/
:-)y: 98 z i “~Ca®" - Mg™
1 Tt 1 V/\ ‘/"V—"V
= gl \/v-h _— B s
2 | VN T
E 6L =
4
2 3
=0
E 2t /\—" m
g ! A
0

(a) BAREE I

K {ii/em

ik JE/oC

pH EC/uS-cm™

DOC/mgL" P F# 1 /mg-L"!

MO H BB, BRI A AR L RAE | 520 X
SR AR AL

FEAR R ER AR, pH AT 7. 22 ~8. 55, 4E N 25 5
B/N(CV =0.04,52 1), X EZESHIN A KL
ot (F¥ pH A 8. 30 ) BF & wh AT 5. EC
FET ZE 2 BB, TR 2 B0 T o A R 1 0 Bl ([
2). EC BEAK Bk A e S h B R s R 2 W 2 )5
B, X J2 EC BARAI MK (EC <50 pS+em™)
XTHL KRR R, TAE M ZE45 s  EC B b
Fh. 2, HAK P EE M BT (C> Mg™")
(1R I 7 S 2 ) o B [ 8 1 BRAI, /W 22
WK (F 2) . 5% X AR Ca®
WEAILL T K Ca®* i B 35 3 450 w8, 2 W1 304 0
R KAEIE RS 2E i B E AT K B ] R i
R (CANBRIRER 1)) RO VA A, BUE Z /0 IS
TR, BRI AFEIK. I LR AT, BAKE I h

FAEH M GE-A-H)
S 03 3 3 3 3 3 3
g = e £ S = 2 =
& T S S S T S
= = = = = = = =
[} (o} o o (] [} [} o
-160 0
-170 0 &
60 &
-180 =
90 B
-190 : 120
-200 150
- 15
4 12
E ol
S /*v\‘/
® 3 o
= 3
2
24
20 /
16 !-C/-/L
12
8
800 S a2
kA‘A g“".l-"‘/‘-
700 ‘x.,\/
600 “‘*LE
85 p
T e Sh
7.0
160 v v
120 N ',v\/‘/ LAl
80 v vy’ “~Ca’" - Mg”
20 o,
—_— M=
Ig wV—-v'\’h*"‘*w.-'—v Vv’ »’t/
41
3_
2t e,
1k
0
(b) 3¢ B3

HELR AR RAEHT 48 h B PRI (R >30 mm)
B2 2013 FRMEHRIKTC EH PERETR A KBAIERONEEZN
Fig. 2 Physicochemical dynamics of colloid and water in Zhaolinxiu Well and Zhangfeishang Well in 2013



90 EZ

Bt 2% 38 &

7K DOC Wk BB REAR (18 2) . FfE B 2T 4, 75
FIHH DOC ¥R J3 120 I T 28 06 - 7 9 2 4 ] 22
PRASRIE . W09 /K DOC ¥ B 1% 338 fin =5 22
SRR R L2 ] N SRR BILA ) oA, 53K
DOC ¥ 3T 8. HA TR, fE R K
DOC ¥ BEZ ¥ AR i 2 B2 vh, B 1 JF b DOC e B
B T A A (18 2 b 2013 4F 12 T 11
H) X0l g5 % 6+ A FL72E s BIHE K # v Doc
I A G, AFIEFBE DOC e B 3K i A2 1k 5

FH DOC AR ER =TT AE S (CV /T 0.3 ~0. 4,
1), HJE LReEbRh AR SRR .
2.2 AR R A 2T AR Ak

FEoK Hh fie M IR 5 B B T 0. 60 ~ 14. 68
mg- L™ BEWEN T 5.51 x10" ~1.34 x10° L™
ZIE(F22). WEARTURI S L 4t i T b DX 7K
AR B R K B R EEAR 1 ~ 3 B
g1k A M KR AR IIURE A 7 A R R
ASEUNEE S

®1 IKBUERIBRGEIHFE"

Table 1  Descriptive statistics of the physiochemical parameters of the well water

£ IiH JKAL/ em K/ C pH EC/pS+em ™! Ca’*/mg-L™'  Mg*/mg-L"! DOC/mg-1.~!
FCIN1 -45.50 24.30 8.25 930 151. 13 30. 03 2.90
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SD 6. 86 4.70 0.29 77.81 26.29 2.94 1.13
cv -0.04 0.25 0. 04 0.10 0.22 0.21 0.39
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Table 2 Descriptive statistics of colloid concentrations of the well water
A= N,../L7! N,/L7! M, /mg-1"! M, /mg-L™" S/ mg-L-! SD Cv
BRI 1.34 x 10° 5.51 %107 14. 68 0. 60 2.94 2.74 0.93
sk I 1.22 x10° 9.19 x 107 13.27 1.00 4.64 3.18 0. 69
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