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Characteristics of seasonal variation and water-lifting aerator improvement of water quali-
ty in a steady stratified reservoir

JU Tuo, HUANG Tinglin, MA Weixing & ZHOU Zizhen
(School of Environmental and Municipal Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, P. R.
China)

Abstract: In order to understand the thermal stratification, the characteristics of the water quality and the application of water-lift-
ing aerator system in the deep reservoir, water temperature, dissolved oxygen, pH, chlorophyll-a, nutrient and dissolved organic
carbon(DOC) were monitored in a whole year. The results showed that Heihe Reservoir belonged to single hybrid mode, and the
natural thermal stratification period was from March to October. The thermal stratification led water quality stratifications. The
chlorophyll-a, total phosphorus, total nitrogen, ammonium nitrogen and DOC average concentrations were 2. 21 pg/L, 0.022 mg/L,
1.32 mg/L, 0.20 mg/L and 2. 93 mg/L, respectively, which showed that Heihe Reservoir was mesotrophic. In the thermal stratifi-
cation period, the dissolved oxygen in the underlying water ranged from 0 mg/L to 7.9 mg/L, with an average of 2.9 mg/L, and
the ratio of N/P was between 41 and 100, which showed that Heihe Reservoir had a seasonal hypoxia, with high nutrient concen-
trations. In the end of natural thermal stratification period, the application of water-lifting aerator technology can not only improve the
bottom anaerobic/anoxic environment, and reduce the release of endogenous pollutants and the proliferation of algae, but also en-
hance the water mixture.
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FARA : FRZR AR IR AHA S MK IR AR Hoh, FIRZ AR IR FRIR K IR <
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1.1 Bk e R ok STHSE
L1 KEMEN BATIK R R — 0 LU T oK o 32, e ARV & B B IR SR 25 & R IR (=) BUOKOR] T
AR 2RI ST S R 5 KR 30U F s B T B TR AR S AL A I 130 m, WU
2600 m 3N THRE 422 m, SEE 11 m, WUk 0 B AR 1481 km  Fe KFEZR 2 x 10° m* , A AEZS 1. 77
10° m* | 3 P X d KK R H 4. 68 km® | 7K T F5 BF 240 ~ 680 m, PEZ 55 50 ~ 200 m, F- 4 K% 70 ~90 m, f%
KRR 106 m, FE IS 5 /N i 2 488. 5 m. 1E % & 7K 7 594. 0 m, YRR /K £ 593. 0 m, 4 4F [f] 75 42 T 4k 7K
3.05 x10° m*, HF#4 Kk 76.0 x 10* m®, J& F AT 76 22 T 5 | /K T AR A9 32 B U5, HoK R 89 118 45 BLHE R i
EVEH RN KE 4.
1.1.2 K EASURAE 2013 453 H—2014 42 A #H1R], KR B ARKA L BIAE 2013 45 A 3 H, 4 545.2 m
(CEM = AR ) s e /KO0 BRAE 2013 45 7 H 28 H, 2 591. 18 m; K PE X B P-4 T FE T £ 7F 0. 3 ~ 244 mm 2
[B), BN AR RME I BE 7 A Be/IME B 12 H 5 AR5 8 Al KK A A ST A8 5 H S35 A2 i
162013 4F 12 H 5K, R 2.7 m'/s T R BAAE 2013 4F 7 H 2 460 m’/s. S /K e A5 H 1A PR i 55 1%
I B AR . BT B TRIIRATR 22 25T , A2 A (R, 8000 It 3 Y 2 R AR i 2 A 3 K
TR BB VD AR S e A K B, 1 K 5 P 1 A
1.2 #HKIRSENE
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B0 TR R i ], S8 X ICHRAK A h DO WM. B /KM SRR R —Fh BB B R0 U i, @3 4
KRR VIELE 2 SN 8 1, i s SRSl A PRIE 2 SR, b 0 3 fFL ) RS0 = B A3, AT )
KT FREKFRM PR E IR R T 2K, G RARREERE . YR RWEGE, B -
FH A BT R . AR 3%, TR B T L T 0G 2E 0, 4 8 L T b ok AR Lo, B E A
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1.3 KHERES

13,1 T ERABRES 541X ML MG
PR, 7R SRR K B R K B S1.,82,93 .84 4
ASRAE S (1) AT 3 A SRR A4 F oK
JEEAS[R] K T4 B4 ST T8 3 X, S4B 5 1E X6 1t
PRI BFHIT. 3 4 A~ 25 BE AR S e 32 X AR [l R
(] R 32 7K I A A AR 100, SR S L2 T A JE % 32
PEROK B . ST 5 A 1E XK & B 3, 3547
B H ZUCRAE, AR TE L (KT 0.5 m) |
JEIBORYE L 0.5 m) Bk IRAERG 10 m ZRHGRE , 5%
FHA LB 38 2 1) 1 7 FORAR AR KA RILAE i
SR K R B AL

1.3.2 A E B ABRE R BRRBHRNL
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WX TC T8 Al S Tolky5 3 s AT K, J=
POEE A HER 0 A5 1 TG K 3. AR R SRR
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1.4 HELEFEZSHERSTAE

F2 XK BT B 5% SR FH IE X TRk K 35 B 7
S1 SRR , FEXT L 7 A RAR A (CS3 ~ C99)
BB AT A3 AT , B o LT 32 PR XK R AR Ak A 5%
Wi FAE AL PR - @ K A 2 UCRFIKFEN K
TR, VB AR A MK BB ; @ %45
F B AR BAE R ] SPSS BRAFHEATEE T4 #T.

JK 5 W B R] O 2013 4R 3 H—2014 A2 A,
JKER K DO \pH M43 a( Chl. a) ¥R 45K
5 [ Wy 75 28 W) 22 D RE K 3R WA I A Hydrolab DS5
B RN e L, RIS S 400 % 1, B8k
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Fig. 1 The sampling sites and layout of water-lifting

aerators in Heihe Reservoir
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Fig.2 The sampling sites in the upstream
of Heihe Reservoir
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Tab. 1 Multifunctional water quality
monitor Hydrolab DS5 monitoring
principle and the probe sensor parameters
WS AR ) J5 3 R/ R/ T PR
IKIH/m A5 HL B 0 ~100/ £0.05/0.01
K/ C Rl CENiReS -5 ~50/£0.1/0.01
DO/ (mg/L)  CLARK e 2 0~50/+0.2/0.01
pH A PR AR 0 ~14/+0.2/0.01
Chl.a/(pg/L)  HAZOLE 0 ~50/ +3% /0.01
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TP e FE FH A BE ST E L BEVE TN AE , TN e B8 Al P BRI 0 0 M5 A0 3 D BE VA I 7 . NHL-N Y2 40 I
R e i, DOC ¥ B AR ALl A ML AR I 5 , Fe 3R J38 AR E 22 R 43t BE vk I

2 £R5iTig

21 KBHETTUEEENE

R 4 F AR R, R K R R KT & 8 N, TS AR AT SR R e R A RS, B 5
K, b RO AR B 2R, SEUKE B E W TTELAS T b R AR ] i 4 S5 iR & 5 e
SR R ORI K 30 m DL L AKIRAEBRAS LK, L3Rk IR 4 4FFE 6. 4 ~25. 9°C i [l ARk, Ji Kk T
AR BEE/NCE 3) . 3—10 H #4423, B K R K IR AR 1| TR )2 854, b R IRZE7E 2.6 ~
14.3°C 2 Jd],8 H Uk AR S B Fefae U 7 N 20 m Ji22 0 14. 3CHIRERIZ™ 9 AME, h Tk
SRGMIAKRATER , K E KRR ARIR A, 1 RS IR 22 B W/ 210 HoR, A KR T
LIRE IRIZE R REFKRBIEE 17 CES. BIK KR4 2 I RIE IR A, B AR Fh 4
JEGERE 5 A0S 7K P2 43 2 LA AR | (70 B X390 Al b X Py TR TR 8 A A A2 42 K
2.2 D0 REMESHEUSEENE

ST A KR DO R /NI T A2 4 5 R R AR P AR U SR 58 (DI A2 K IR KR K B h B R A
HEEN R ZE A M ™ Y2, DO eI K IR R 5L s TR (a4 (18 3) i il TR 27K
AERAE QMBI AR EEH T, DO YR R Y M A% T A9 DO B2 B K IR I35
R RS AFAE , AL T BG4 M I BRI, i K A SO IBTRE S, DO ¥ 5 Bl 22 B A 5 e /K PR IS
T, AL B AR 2 B, i 2 K AR B TR A LB AR AR R BTRE 4L, DO B2 RRAIG, o IS L Bt S R
AIBE. BIDK R KR R GIETT)E KRR R DO ¥ BE IR B 45 .
2.3 pHEMNZETELSEELE

TR K EE R BRI E K R (B 3) . #4328, Bk pH BAE 7.4 ~ 9.2 Z ], {8 R 8. 45 kK & pH
HAET. 3 ~8.4 ZJa] , (E R 7.9 KK pHAATE 7.1 ~7.7 Z 8], B{E R 7. 4. & b JEFKE pH (H22 5
BAR(P<0.01) , Hr 8 Al i3, 3OE i FX— R IOE A/ #E , K THFEK Y CO, , 47K FREE
TR BRI R S A 1R R (CO3™ /7HCO, /CO, ) P2 A 38l ARl 18 /K A4 pH {5 455 I S w2 7K T 38
T, SRR B U, B SRR, DO MR EE AR AIG, etk DR AU B B W AR A TR R, e AT R A B T RAR
LK A AL R R R R ORI A AR CO, |, U KR pH EFAL. FEIR A M, 1 op U
HBKAA pH B S22 FRK (P >0.05) . B WL, JRTRIK 2 pH HIREA 2205 M 0y 53 B RRAE , FLAR 4k 5 [F] T K
T DO e BE AR A AA AR — B, B L KR A 38 0 0/ 5 7K R0 4 2 5 VR A S K AR R B AR R AT
TE T S 5 pH (R 2 P TURR A (R R, Xob 7K B 7™ A S .
2.4 Chl.aiRENETEHKESEENE

KR Chl. a W BEEKPAE— S BB PR T K e 20, F HL S 820 E RIE 3 oK IRE B B
TR KL B TR R AR B ) R AR B S — AR R W I v, BRIATK 2 B KA Chl. a HeJE 7E
0.35~7.09 pg/L Z 0], BAVAH A3 A B E B 8 A A F R m K-, i A AU /K (A Chl. a
WA 5—8 A, Lif/KIR Chl. a MEEHRALTE 5 we/L Lh b, F kW HvR BE I B TS K T (| 3) , 6
5—8 HHRKEEAR AL T8 5 3R 20, L A KR Chl. a W E 22 R R E (P <0.01) , ik
AR ETARK(P>0.05) , FEIRAM, &/ BEE SR W 505, (2 Chl. a WREHE THALK T, 7T fE3Z X —
B I KR AR B 52 7
2.5 kEE B EVNYIRERAENZSHTEUESZEENE

2013 4E 3 F—2014 42 A, BIAKE_ KK TP ¥k BEARIE 4 0. 004 ~0.032 mg/L, 4E45{E 4 0. 014 mg/L;
FREBKAR TP He BEASIE A 0. 005 ~ 0. 034 mg/L, AE¥{E H 0. 020 mg/L; JEEBAK PR TP He BEAF 1% 7 0. 008 ~
0.052 mg/L,FH¥{E 4 0. 031 mg/L( K 4). sk b, BT IKPE TP e B Ak T H AR K. #4502, IRH K M4 TP
WETE 3 AUHRA, 4 0. 008 mg/L; {H B 25 128 IS 254 1 Bl 42 100 HH L, AR 30T 484k 38 D 2 R AT, S ) 9
BB WS (LB A LK b, (A5 R HRK M4 TP i B R B8, i ORI BRAE 5 AR 7 AL 4300k
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Fig. 3 Spatial and temporal distribution of water temperature, DO, pH and
chlorophyll-a concentration in the water column of Sl site of Heihe Reservoir

0.0507H10. 052 mg/L. /K IATRAJE /K& DO e BERG N, BEREASZ 230 .

PO, BRIRK R L JRGHRAKAAR TN YR EE 43R 1,28 .1.33 1. 35 mg/L, NH, -N ¥ 43514 0. 14
0.23.0.26 mg/L; TRAW, b JEEBAKA TN W B2 4051 1.37 1.30 1. 28 mg/L, NH, -N #4354 0. 20
0.18.0.20 mg/L. B4%, #rE M L HK A TN NH, -N # B IR A BIR (B 4) |, RIAE IR GRS TR T 1
RITUR 1) BB KA PR, 4 IBH G T 5 3K AR [l 3. SAskE , Bk B A1 205 Jok P48
o, TN VR EEAE 6 F IR B K AE, B3 2 mg/L. FFM RN 7.8 A, NH, -N k& = AR IE 2 52, 1%
RN :— 7 I, SR A S BOUK A NH, =N MR BT 5 55—y i, ek #8654 19 JE 4 o A B Wi Fms R AR 3505 e
HEAE DX, A AT HLEFE AT RIS R T 2 2R e Ak NH, -N, K 22 NH, -N ¥R T

2013 4F 3 H—2014 422 A , BKEE LKA DOC R BEARIE R 1.91 ~4.73 mg/ L, 4E{E N 3. 18 mg/L;
ThERKAR DOC Mk BEAR MR 1. 37 ~ 3. 94 mg/L, AEFME S 2. 75 mg/L; JIK#B K & DOC ¥ B AF & >y 1. 68 ~
4.04 mg/L AFEHIEH 2. 85 mg/ L& 4) . /KM DOC YREEAS (L) 2Ry : © RE M FAVE KA VLR
SHEAERIE DOC (R, (57K M b DOC R BE 1 755 @ DU T REI DOC BiH: i i A 1 43 R Y. A
AR SR M BB, RRIR 4 — 6 F L JIESBOK IR DO YREZ R O mg/ L, 2 F 58 @ ARSI HLA A L
ARl I, A K IR AR JICER K (A= Mk 1) DOC Bl HE A rp | 3Bk A&, ffirp | 3Bk 44
DOC YR EEHK. MR TR A W A R A 748, DTV AR B 4 DOC AT B Bl A 90 43 A, 4 ik o B R ok 1 g ikt
BE, FER R TR ACIRA T NH, -N Bt b Rl NH, -N Bt DOC i/, HRERUH A DL 7R LT 4R
R T AR A P13 AR, BT A DOC 3B — B AL TR AU K.
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Fig. 4 Spatial and temporal distribution of TP, TN, NH, -N and DOC concentrations

in the water column of Sl site of Heihe Reservoir
Wik WU, R 7K B BB AR B TN N NI BEAR A o 5 B30 7K A 0 32 128 XK AR G e 97 2k S AT AL
WMo (e 2) , WY B RN AR TN T2 DR AA 175 Yo AN 2000 7 13 5 AU e 14 (] e g X i A M K
EIRER AU A RO 6 F U B D K B DR O, I IR IR T AR R IX,7 A 26 HAI

30 H F e X MK AAMEE(93.77.3 NTU) 435l 1k 7 H 23 HIEMT 50% #124% .

F 22013 47 A 23 HEBWKE BIK FKS 35 KK BT

Tab.2 The comparison of water quality among upstream, rainwater and the pelagic zone
of Heihe Reservoir on July 23th, 2013

By CS3 mifi; CS5 CS6 JhfL CS7 shf CS9 s f SL gifir MK

TN/ (mg/L) 1.35 1.36 1.36 1.37 1.39 1.44 1.22
NO; -N/(mg/L) 0.88 0.79 0.70 0.48 0.66 1.09 0.53
NH, -N/(mg/L) 0.44 0.54 0. 64 0.86 0.71 0.33 0.66

TP/ (mg/L) 0.029 0.040 0. 060 0.063 0.058 0.031 0.014
COD/(mg/L) 4.5 4.1 4.1 4.5 4.5 4.1 3.7
whEE/NTU 102.8 120.3 188.7 232.9 229.3 62.4 —

2.6 HIKBSEAM KGR EER R DO R ER M
2.6. 1 BABR KRR BRI K IR AHR A ROR B B R AR 2 —. i KRR 1 nT LR B SRR K 2R 47 7K
AR A ACR (181 5) . KR GE AT R R IR R RRE I 02454, b V2K 22290 12°C. B



E 365 AR 5 BRI oG B b R ACHF AR R 4 R BR AR R B 825

VKRR GRS AT , e [ AN R E5H 7 A T BORFE I8l , — J7 AR T R B AR MR L , 55— D7 T
JE e ELR R BN W T AT, YRR R 22 )N, SRR VR AN A/ iR R B WK, H B R R K
PR ke TR K ARG RCR 3

2.6.2 TAKK PKBETIRGITIRISATHT, H KK DO L FEE 0. 1 mg/L, DO WS b F KA 70 A
AR 18725 15 d, JIEHKAK DO WREERC M T2 6. 0 mg/L LA E (18] 5) 5 B 7K B SR Ge i 72k
1847, DO Y BE I /K G AR FE 1) B B R I/, i K JZ DO e JBE R 2 32 5 , P35 A7 e IEAH G (r = 0. 591,
Yoo =5.454 +0. 147X ¢y ) 538 F7AIY, HiK)Z DO PR EBGEATHI TR 1 1.5 4%, H b 2K {4A DO
JEREAGE T — 2. KA FERBOR 3% (P <0.01).

Ikig/C DO/(mg/L)
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Fig. 5 The vertical distribution of water temperature and DO concentration

in the water column of Sl site of Heihe Reservoir

2.7 HRBES AR KR ER R

2.7.1 XYL B g A A B KR, RIADK AR KAR DO MR R 2R R 2 me/L LUR DT
WA B R VR AT Qe R O ) BRI B, S BOK K B TS e R KR DO i
JEE T LAAT A o R e 5 G R

YooK B RGBT, PR R R TP ¥R 0. 042 me/L; B /KB R GEMFF L2 1T, H T
R TP Y R A5 32 AT 250 25 d, SIS HRK A& TP o R %8 0. 023 mg/L, T il K f& TP - K3k i oy
0.016 mg/L;i217 40 d 7 , KR S8 IR G, IR TR [ /K M TP ¥R B8 T — 20, ZERF7E 0. 010 mg/L 2247, 5%
RGLIEAT R TP MBI T 76% ik 3 [ 5 FROK IR T b I 2EFR{E (0. 025 mg/L) BER. 7K
RGNS TP (ISR 3% (r = ~0.840,P <0.01) (6).

VKB R GEB AT, K R KR NH -N W ERR, B R AELN 0. 53 mg/Ls B /K BE R
GERIFRERISAT , JRER KA NH, -N ¥R B2 AL A 1847 225 25 d, JIEAROK A& NH,-N ¥ B2 [ 2 0. 33 mg/L, HE 4]
KA NH,-N PR 0.26 mg/L; iz AT 40 d J&, Ji A A i) K AR NH,-N 3 B2 T35 50, gF R 45 il 16
0.23 mg/L72 A7, 8L R GEB AT RIS AR /KA NH -N YR B8 T 50% , 35 5 5] 52 M 32 /K PR 05 o ek A o T 28 BB
(0.5 mg/L) ZOR. 7 /KB LR G NH, -N R BE IR B35 (r= -0.941,P <0.01) (K 6).

YK RGBT, KK A Fe R e R AR 3k 0. 67 mg/ L, 5k [ 58 M 3 K P 355 0 ek A o
IR MRME (0.3 mg/L) 1 A5 LA L s fE K g R GLisfrad e vh, v R BRI B Fe Y BB Wi B AIG s i A7 248
25 d, JEHRK A Fe ¥R FEREZE 0. 27 mg/L, T[] /KK Fe SF-X9 N 0. 18 mg/ L33z 4T 40 d Ji7 , JIE ALK A Fe ¥ iZ
FEZR0. 15 mg/L, 3] KA Fe SPEUE 0. 14 me/L, H I FIRAKIR Fe 3B T — 2, 3 ] 7 B H 98 R 15
H] 86% . /KB TLRGEXS Fe BMTIHCR 3 (r= -0.908,P <0.01) (K 6).

SRR R TP NH -N Fe 3% B 547K B LR GEaa A7 8] 2 [l 4 52 B 25 A G (P <0..01) A AR
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B(RY) 435135 0.7054 0. 8852 F10.8249( & 6).
YK RSB TTHIG , BRIK AR B — ELIR T A il FR{E 0. 05 mg/LL.
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Fig. 6 The vertical distribution and correlations of TP, NH, -N and Fe concentrations

in the water column of Sl site of Heihe Reservoir

2.7.2 MEEREKHIF  BEOKEPEEFES Chl. a W ELBHEA (B 7). HKBERIETT
BB S Chl a WRE R KM AL 0 ~5 m Z KA 5 m DUR KA, #2535 Chl. a ¥R JE R
F KR BIIE TR, T2 Wit TR, A5 A TP IR BOK B K 22 B 28 0E B 40 A RS 28 4700301,0 ~5 m 2 [1)
KBTS Chl a VREERWTI/N, 10 m DUTF KRB BEEFRE S Chl. a W BEAH LB ATRTIG N, 32225 A
EH KRR SR A AE AR KA i 3 2855 2 v T KR 5 B B K RS R SRR AT, RN
Bl B TR AR B B2 AR 2 RIS, BT, A KR P2 T R AR 1 /K MRS R GE vt i
KIMFBCR B (r= -0.835,P <0.01).

3 it

Xk AT K P K 5 B BRA R AR 0 BT R T, R P2 e — AN SIS AR 19 PR SR L B R R UK IR, K (A
PRAE T E SRR KR R BRINE AR, 78 3 — 10 A2, KA 2 S BURE KB
I3z

IRAA 32 R 1 3 i) 2K 2 ) R S 4, i AR P AR e B R RR AL, BRI K A DO ik B2 B



E 365 AR 5 BRI oG B b R ACHF AR R 4 R BR AR R B 827
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Fig. 7 The vertical distribution of algae abundance and chlorophyll-a concentration

in the water column of Sl site of Heihe Reservoir

T TR B IR SR B RGN L K IS 2 K AR T Y fed R T =, FEOK IR B ARTR & 1, S BOUK E K R
V5L,

SRR R IE R, K R R Gl TR A S AR R DO e B, 388 38 2 m) K AR 19 8 3l 1 N 3s 46
P R AR 2 AR SR TR A, 18K K B2 e 1)/ F B AL.

KBS R G B RS AT KA RS 3 TP ¥ 8 e 28 1) 5% M 2 /K B8 T b i ofle T 2 BRABL AT 5 AK A JRE 348
NH," -N ¥ 1H0. 45 mg/ L& ZE 0. 23 mg/L; K IAKJEEE Fe #EH 0. 42 mg/L &2 0. 15 mg/L; KA 34T e B
I T B A DU BRAEL (0. 05 mg/L) ; /K44 1-%B Chl. a ¥ [E 1 5.92 pg/L BE A 1. 66 wg/L. /KBRS R G R
TRV 5 Y R R, i T B R AR A, e SR TRK B A B T B S E B AR .
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