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(Chaetoceros)« 3 31% i ¥ (Eucampia zodiacus). " }fj'F %k ¥ (Skeletonema costatum). [& i &
(Coscinodiscus sp.)FIZ2 T # (Nitzschia spp.)% . £FANFFRBILE w BB BAE205, FHpF
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Abstract

In order to understand the impact of brine discharge from seawater desalination plants on marine
ecological environment, the seawater quality, phytoplankton and zooplankton were investigated
and monitored in the waters adjacent to Qingdao Baifa seawater desalination plant for four sea-
sons in 2021, and the seawater quality environment and marine ecological environment were
evaluated by improved Nemerow index and biodiversity index respectively. The results show that,
except inorganic nitrogen and inorganic phosphorus, all the other water quality monitoring indi-
cators meet the fourth class seawater quality standard in the Standard for Seawater Quality
(GB3097-1997), and some monitoring indicators reach the first class or the second class seawater
standard. The pollution of inorganic nitrogen and phosphorus is not obviously related to the dis-
charge of brine discharge. The improved Nemerow index evaluation shows that the seawater in
the brine discharge area is in a relatively clean state. A total of 49 species of phytoplankton be-
longing to 31 genera were identified in four seasons of the year, including 44 species of bacillari-
ophyta belonging to 26 genera and 5 species of pyrrophyta belonging to 5 genera. In the whole
year, the phytoplankton cell abundance at each station ranged from 0.54 to 6496.00 x 104 cell/m3,
with an average of 1082.62 x 104 cell/m3, and the peak of phytoplankton cell abundance appeared
in September. The main dominant species are Chaetoceros, Eucampia zodiacus, Skeletonema cos-
tatum, Coscinodiscus sp., and Nitzschia spp. A total of 20 adult Zooplankton species were identified
in four quarterly surveys throughout the year, including 15 species of Arthropod, 2 species of
coelenterates, only 1 species of Protozoa, chaetognatha, and planktonic cysts, and 10 species of
planktonic larvae. The abundance of zooplankton at each station was between 5 and 145 ind./m3,
with an average of 85 ind./m3, and the biomass was between 2.5 and 610 mg/m3, with an average
of 44 mg/m3. The main dominant species of Zooplankton community are Acartia hongi, Tortanus
derjugini, Tortanus spinicaudatus, Oithona brevicornis, Oikopleura dioica, and Nauplii larva. The
species, quantity, dominant species have not undergone significant changes, and the biological
community structure is relatively stable. In the short term, the discharge of concentrated seawater
from the desalination plant has not had an impact on the ecological environment of the surround-
ing sea areas.
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BRALTAE 144 4, THERIAR 1,856,433 Wi/ H[3]. HEAKIRAE N RIRIGE K H 73 B iR /K B #2[4] [5], fEsbE
fEr, HAEARZ 50%M KB NERAK, HRMEKLRIEKFIE A . BEE KR Re P n,
WK HE B PR AR SR B 512 T AMTAITER[6] [7] [8] [9] [10], X M2 HEAR b P2l & it F2
T BRI ] R, A D BRI K IR AR 7K HE X Y A A TR B W] B A R

FRE AR AL TR VI, Mg AR AR DL SR K HF B BUIS,  BOR Wl AR A ik it 7K
ST AE S I R RO, (HBEE IR A B AT I, 31X — [ 0K S i R Y, IRifgK
PIREE . EREEANE AR & s T RARIEK, R EHRRT LR B2 KR IR S 24, g
PEAEMIERE . ZREE. RUDERMA T FR[11] [12], BSOS UG R LM BEVR LS, TT RN VA A TR
AT AN o B A A A IR AR IR A R T K A A B PR 9 32 A R PR RO BT ) AR 2 R
SIS =B LT T [13] [14] [15] [16] [17], MGTGHE AR A W K HR A 25 P15 R i 1 4 T AT S ) R A
WEIE o WK RO IV A A TR 52 5 Mg K IR RS . R 2R HEBOT A2 i I 46 &
GRS FAT K, AR EAS RENAEREE MK, RRERE.

AR FEE 2021 X B E R AKIR AR IR RN HE RO 80 KK B SR A S S R R A S
W, R FH OSGEE 1) P ARE 2 8 J50RN A 9 22 B 8 BBORH g /K IR A R 7K HEZK T BRI ¥ 38 K /K S R e S A 42
BT S MBEAT AT ANPRAN, DA R AR A IR 7K HE AR S PR SR R 5 i PAN SR AR S s B0k, R
INVSEE A VR A /K HEM 0 AR A TR B 1R 5 B b RS

2. ¥ 55%
2.1. R SEAHIE

FH R K RBIER KRN TREBUKE N 27 7/ H, gEEWiEKEAN 17 JT/H, wiEKEH T8 W
FE 25 M LT ST BT BN HEZK U T B P b LL i 3 1 B3 Rg 15 50 m Ak 75 55 R IEKIE AL,
TR AOK R E A2 1 BiR.

Table 1. Quality of brine discharged from Qingdao Baifa Seawater Desalination Plant

=1 FHBELEICRT HBURIEKKER

e R oH CODMn DIN DIP Cu Pb Ni Cr cd
- (%) (mg/L)  (mg/lL) (mg/L)  (ng/l)  (ng/L) (ng/l)  (ng/l)  (ug/l)

WK 50.24 7.85 1.56 0.222 0.011 4.04 0.76 1.78 441 0.72

J K 29.50 8.06 1.44 0.135 0.010 3.20 0.46 1.19 4.03 0.51

A 1 RTE, KR AR K 1) B A SR K 16 1.70 1%, pH A LL JFUE KB AR, CODw, A1 DIP (351
WRIR 8) -5 R /K B2T . HRIF/K 1) DIN (JEWLE) A2 SR /K Y 1.64 £, 53T EE Y, N2 H T
AR FERT LR IR AT S 8. IRI/K 1 E 48 & B A LKA 3840, Cu. Pb. Ni. Cr. Cd
B FE 23 9 N IR IEE 7K B 1,26 1,65+ 1.50+ 1.09. 1.41 fi%5. /K 7 H 48 7 i A TACHE 1 A2 AR 358 4 25 B
Tl A% (1) B 4 JR A SUS 5 AR T DR BRAEOK o VSR, SR HE ik itk o B B IR FE ARG, Cu.
Pb. Ni. Cr ¥M&T CEAKFEFRUE) (GB 3097-1997) 2 /KER1E .

9 W IR K IR ARG B I A RS e, DR LT NI R B TR RO, 256 25 BRI /KR AR
WG7KY BT 1) B IR S K SO 3, WBE = AR, A 11 M Ms Az, HA A2 A s 67 5 4~ (3#,
S#, TH#, 9%, 11#), T 2021 4E5 A(FZ). 7 AEZE). 9 HEE)M 11 H(X2)T T 4 KRR
KA A I SO B R EWE LR, M GPS 8 A 15 2% B R VR A R g NI Sl v
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Figure 1. Distribution map of survey and monitoring stations for brine discharge from seawater desalination
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MW 5 L e ORI R AKRE N, KRR EE . IRAF . TN T A U P 42 MR ol
EHVE) (GB12763.1-2007) [18]M1 (A M HIYE) (GB17378.4-2007) [1914047 - X /KIRTE 2.0~5.5
m, BT S Y RAER E RS R YSIAEE 2 S HUK T 2 O30 52 5% 25 5%  pH 5B R 4(DO),
KA B R s . RIR B R, ERURRTE. BRI RS, PUR RIS E BRIk, il e
12 T A (CODwn) #&ER(NHE-N ). AR EE(NO;-N ). MHEREE(NO;-N ). G PEBER EL(DIP)IRIE, K
FA A S8 SR IR oy 66 LI 32 Cus Pb. Cry Nis Cd 193K, TEHLE(DIN)A NH; -N « NO;-N F1 NO;-N
=FE B,

VR E IR S RN 2 TS GREPEMSIIAMINGEY (GB17378.7-2007) [20]HEAT - A /K 11 ALz A
Y D ELA% 37 cm, WIEEAR 0.1 m?, WK 1.4 m, G5 4143 0.077 mm) ALK 1 2 i i A= I () 1 B
£ 50 cm, MR 0.08 m?, KK 1.4 m, FiiZ8FL4% 0.160 mm) MK 2 321 B HE 4 B R AR I AT
TESIRE S, FERE SR SRR SO R IR R 5001 H VAR E s 7 [R] SE IS S AT b . TR AR YRR
IINTHEA PR B AE AT T S BIRl, 0 DB e AR e BB . ST & A AL v
PR, HHE AR,
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2) N TG Y iR B0k
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R Y g 3 /K R 5% 2% 6 15 G 8 B0 5 95 7K K 5 b 1 S5 ORIV 5% 28500 g 3 25 G T G AR B EAT S R 4y
(% 2).

Table 2. Correspondence between comprehensive pollution index and pollution degree of water environment in sea area
2. BEKIMRESISRER S EREENE X R

IE 0~0.60 0.60~1.00 1.00~2.60 2.60~5.00 >5.00
15 YR MEpr L3P ByE Y ISR S P 5 YL
WK T 2% —2% — =2 UES EUES

2.32. EBFMMGZE

FRAE AR 5 KK AR A AR K S i A M B (ind Jm®), A=W & (mg/mP) Ay ST 7 KK AR R R i 5
T S ] A b

FI AP AR IR RS A B (Y) R E, BLY > 0.02 (IR SEIE R 3R, K&K -
73 #5(Shannon-Weaver) Z £ 45 £ (H') . Pielou ¥ 51 % 455 () Margalef Fi 2 3= & B F8 SR BRI A= VB¢
I Z R

AR E B DL m® KA AR R (ind/mP) FR 7 o e SR SRR AN P2 B A0 38 B (Y ) SReiff
Y >0.02 B SRINE ST

KRB E(Y) Shannon-Weaver ZAEPEFEE(H') Pielou 321 B8 $(3)F1 Margalef =& &
FRE(d) AT IR AR BT AR ) 2 RE 1 (23] [24] [25100 0T, tFE AR

n

Y :Wix f; (11)
S
H'=-2P log; P (12)
i=1
H/
J= 13
log, S 13)
S-1
d=—- 14
InN a4

X POER | AR AR S () 5 S AN B ELAEL(ni/N)s - S DARE SR ORISR ECR £ 2R | P lis B (e
VAL I AT, Y AIERRRIIMRIAEE, H Shannon-Weaver ZFE1EFREL, I AIISIEIRE, d A
Margalef =& FEFREL. MR &b G B EMROR RA N VB R T, HEAEMZ RN, B EME
B IR PR AR K HE KR ST TR BUR .

3. GREHH

3.1. KK EAERMNE RS TN

3.1.1. KERIEMISER
2021 4F 4 N 8T AR KR A R K KT M 45 SR B 2 Biw .
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Figure 2. Monitoring results of seawater quality in Qingdao Baifa seawater desalination brine discharge sea area

2. BRBREKRCREKHRUE K KBNS R

Mg /KIREE . pH {E. DO 1 CODwy [ I &5 Sl 2(a) Firom o /KR B2 2 2T A s iR, & A
S KR FZE(15.4°C) . £Z(12.1C)Y R T E Z(25.1°C). #KZ(18.6°C). K & H A /K%M TR
FOBIEWE KR T, P K R B A o T IR, (A2 Ot i HE J5 2 AR 5 PR 55 g /KR B A
Ao WA K pH ER TG FEIE 7.7~8.3 (8], HZRifg/K pH EM &, (HARNWAKR, FrfiHEas pH
HIITF G 5 VUM KK R FRAE I EESR o Sl I il AP 3 TR 5 4 22(8.5 mg/L) AR ZE(8.5 mg/L) i =, HZE
(8.4 mg/L)IXZ , FKZE(7.9 mg/L) 5 fik o &ubifr P35 i iR Sh iR O =1 (2.11 mg/L), EEMAF R (%
9 1.79 mg/L), HZEHMK(1.25 mg/L) . E 42 & Cu (1.92~4.94 ug/L). Pb (1.45~2.01 pg/L) Cr (3.39~5.93 pg/L).
Ni (0.88~1.44 ug/L)Fl Cd (2.01~3.12 pg/L)%5E &8 4 ML -FEIRERAL(E 2(b)).

BTl #h R = (] 2(c)), T AR PR (29.78),  HZE(29.92) F14-Z%(29.98) T 15 £k FE £
i, FKEEPIERE (28 5) FHK T HAhZ=T . MUk, SuibihEMZEARR, HIBEBHEA — e ME
PR, ARITHE LR ONHE TR L, 2#. 3t sl 6 A W a1 B s A 1) 84, 9#. 10#. 11#ukfv,
KA ZE R ub A 2 B S T KB R I Bl O B Rz i e 35, U BRI K HE TS A 3 B 1 3
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WARE RIS, B REKRA R AGE I LEHS, HAERE R Sl R, BRERIRRZ.

THERER . IR ERZFIANER Eh A LA . 5 5 B R AR ARG K HE AR S R A b 6 5 2P
P (111 mo/L)&m (1 2(d)), HE 3 ANFETAZEAZ(0.77~0.88 mg/L), S EMKE S 0.91 mg/L,
AT Y KR A ZKHE TS (3l (87 TEAL 0 FEAH w5 T3z B BT I (sl S, TV B S, 4 N RE T LR S
PR 2 DU K K AR HE RS o TS HEREIR R 2(e)), WK IRALIRIE K HEZKIRE I8 75 1 A 3 197 42 2%(0.09
mg/L) A1 2%(0.06 mg/L)% =, FKZ5(0.04 mg/L F1425(0.03 mo/L) Bk, Sulifir il MEBEIR Ehik FEAH ZEAN K,
FBE Z b LG PERE IR SR FE A A I SR VUSRI AOK bRt . 75 5 7 R AR AR IR HE K T4 TR 1L
TINHE BT, WHRARIS AKAREET, BEIRTS QRA S, TNV R B bR -5 i K R AR K HR SO B S ORHK .
3.1.2. #KKREEFISRIEEITEN

W7z 3 fis, BN TR EREOPN G SRR, KRR K HE ORI 5 YR N LR RS
MRS, HF. HF. KT £F 4 DB AL ICHUEIR B P08 KK R bR HE(E, S5
IR Eh A 2 AN B R DU g /Kb, T AR A& 2= R IU 2RI AOK R Bk . kG, WK 25
A5y DIN 1 DIP, JLAEHA T iS4 o 7l v 1.86 A1 1.23. BRibZ 4, CODwyn DO 1 pH {HY
L FIPUSHEKARUHE, 4B Cu. Pb. Cr. Ni. CdiREEMEUR, #F20ik S —H 2K britk.

Table 3. Single factor quality index of seawater quality in Qingdao Baifa seawater desalination brine discharge area
3. BRALEICRIRIGHICEIEIEK K REEFRERY

E{=tan HE eSS ®E %2
Pij Vi Py 1 Py JEH Py F11E Py i Py P18 Py JEH Py 1
DIN 1.45~3.21 2.21 1.38~2.71 1.74 1.36~2.04 1.55 1.14~2.07 194
DIP 1.56~2.00 2.04 1.11~2.00 1.37 0.67~0.89 0.79 0.44~0.89 0.71
CODwn 0.30~0.41 0.35 0.23~0.34 0.25 0.18~0.32 0.25 0.28-0.34 0.30
pH 0.46~0.50 0.47 0.52~0.63 0.60 0.54~0.71 0.64 0.36~0.83 0.74

DO 0.34~0.44 0.39 0.38~0.53 0.45 0.00~0.32 0.16 0.13~0.32 0.25
Cu 0.08~0.11 0.10 0.07~0.10 0.08 0.06~0.08 0.07 0.00~0.07 0.04
Pb 0.03~0.05 0.04 0.02~0.06 0.04 0.01~0.02 0.02 0.01~0.03 0.02
Cr 0.00~0.01 0.00 0.00~0.05 0.04 0.01~0.02 0.02 0.01~0.02 0.02
Ni 0.04~0.08 0.06 0.04~0.09 0.06 0.02~0.06 0.05 0.04~0.09 0.06
Cd 0.14~0.26 0.21 0.13~0.34 0.25 0.16~0.32 0.21 0.21~0.36 0.27

3.1.3. ZEISRIBHOITM

WIS PR B N — PP LG T5 J A8 802, WA T15 Qi AR SR GV, (A S NS+
BOEAR T2 B AN TG Y8 - DA B, i R T DR s G AR HR KR 0 7K K i PR R (1 5
Wi, SRR EVEN I K K B EREE, DX 0 AR [ b — AN o 2 4l AR A [R5 G R A, d e P ek o K
N AR PR 2 A LT G £ T P i KPR e R R 7KK T BRG0PI /KK B SR U, B P 4 J AN A
FR A WL G DR FC AR P s o A T LA R A LB

JE T O KR A TR M K HE U 3 3 B KK R PR AR IR 0 AT, IEEUEHLA(DIN) & B IR £ (DIP).
R TR H PR H(CODwy)~ H(Cu)s #5(Pb) #5(Cr). 4R (Ni)FI4E(Cd)3t 8 TidEAr1F Ak 5 PR R 1k AT Btk
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FET TG %

WD FEETH 5L, 8 AR BTt B A B DU K /KK BARHE S T3¢ 4 o, Lrh R RO ER (B B K0 0.536,
oAt AR PR B TR SRk 4 PR

Table 4. Weight calculation of each evaluation factor
4. ETENEFRETE

PRI T SEVUSEHE KK bR HE mg/L Ri {8 BEGRES
DIN 0.5 10 0.011
DIP 0.045 1111 0.119

CODy, 5.00 1 0.001
Cu 0.05 100 0.107
Pb 0.05 100 0.107
Cr 05 10 0.011
Ni 0.05 100 0.107
Cd 0.01 500 0.536

St 932.1 1

K FH OSG3E P  FR 00T 5 B R S K HE KIS K 22 & R e B, 45 R LI 3, BTG NG
DORE T RAREE R, B/MEN 0539, HILFE 8#ufI 4R, mONMEN 1.166, HILE 11uifiH 2=
WA o VR Al 6 4 35 U 2 PR E 34 7E 0.60~1.00 2 1], | {E 5 K1 44t 17 9 0.967 , B /MY 8#3i 47 4 0.707,
P 2 WM D5 GAREUS 5 A 15 P RE FE N G R AW, 8 TRGE IR, 3 2R oA IS 1Y K
P, AT KIRAGIR SR K HE RS A 5 B0 K 2R G5 e fR T =

5 PR e AR e FY
1.400 -
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1.000 4
0.800
1 0600 -
0.400 -

0.200

0.000
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Figure 3. Comprehensive quality index of seawater in the survey sea area
3. BEBEEKESREIEH

3.2. BB SITFMN

321 FiFEVEEEHAES O
1) FhSd B AR A AR Ak o A
9 E R KHIGEHR 24 4 MIERAERF Y 2 K26 49 Fh, HorhREE] 44 Fh, 5 RF
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Table 5. The dominant species of phytoplankton and seasonal changes in the survey sea

5. FEEEFHENMB IR FTEN

Ea) PR Fb F2JE£ (10° cells/m?) Bk 34
Jie % £ 7B 7% (Chaetoceros curvisetus) 1.515 0.80 0.211

£ E 75 (Chaetoceros sp.) 1.298 0.80 0.181

B [ 7% 74 (Coscinodiscus sp.) 0.460 1.00 0.080
3B F A 8573 (Cylindrotheca closterium) 0.404 1.00 0.070

PR A7 22 3 (Lithodesmium undulatum) 0.531 0.60 0.055

[5] i 35 (Coscinodiscus sp.) 0.427 1.00 0.04

3B ) A 85795 (Cylindrotheca closterium) 1.551 0.60 0.086

JifE A1 35 (Fragilaria sp.) 2.403 0.20 0.045

FE=

3% IV # (Nitzschia spp.) 3.464 1.00 0.321
F591hZ5 3 (Pseudo-nitzschia delicatissima) 0.794 1.00 0.074

3V 73 111 K 3% (Akashiwo sanguinea) 0.716 0.60 0.040

£ -5 (Chaetoceros sp.) 119.296 1.00 0.056

[53] i 7%: (Coscinodiscus sp.) 42.783 1.00 0.02

€S FEh5 # % (Eucampia zodiacus) 1090.273 1.00 0.512
FF22 4117 (Leptocylindrus danicus) 67.778 1.00 0.032

rb 1B 4% 34 (Skeletonema costatum) 712.941 1.00 0.335

4 & % (Chaetoceros sp.) 1.204 0.80 0.054

. [&3] i 38 (Coscinodiscus sp.) 12.217 1.00 0.675
) F 3 41 #F 7% (Leptocylindrus danicus) 1.972 0.40 0.044
7% 3 (Nitzschia spp.) 0.389 1.00 0.021
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Figure 4. Horizontal distribution of phytoplankton abundance in the survey sea (10° cells/m®)
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Figure 5. Phytoplankton diversity index in the survey sea
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Table 6. Species composition of Zooplankton in different seasons

6. NEIZFTIFHENIMIEER

. HF HZ K A%
L ditho% R ditk Fh % L Fh L i bt
T BN 6 40.0 6 46.2 5 4.7 5 62.5
JEE B 1 6.7 0 0 1 8.3 0 0
EHEY) 0 0 0 0 0 0 0 0
RERHN 1 6.7 1 7.7 1 8.3 1 12.5
JRABhY) 0 0 0 0 0 0 1 125
ik 7 46.7 6 46.2 5 417 1 12.5
&it 15 100 13 100 12 100 8 100

VB S L AR B T LB B AP AR AR (R 7), BRMAMAE 7, FERHB R
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Table 7. The dominant species of zooplankton and seasonal changes in the survey area

® 7. REEEFEINB IR FTEN

+ e A Fih 5 (ind./m?) SR M
Yt IG5 47K % (Acartia hongi) 45 0.80 0.093

$E KFE/K F(Tortanus derjugini) 20 0.40 0.021

14 /£ 254} Hi (Copepoda larva) 225 0.6 0.035

B B2 257N 5% L (Nauplii larva) 125 0.80 0.258
7K BELh A (Jellyfish larva) 20 0.60 0.031

K E 24 di(Macrura larva) 30 0.80 0.062

% F24) H1 (Polychaeta larva) 72.5 0.60 0.112

JH A K I 81 /K F (Oithona brevicornis) 325 0.8 0.155

_— JEE W 42 2 (Benthic Amphipoda) 12.5 0.60 0.045
S:AAAE %€ 1 (Oikopleura dioica) 225 0.60 0.081

B8 2 275 I 4 31 (Nauplii larva) 375 0.80 0.179

AP = ff1 3% (Evadne tergestina) 17.5 0.6 0.041

== SFAR{3: %€ d1(Oikopleura dioica) 140 1.00 0.571
B2 2875 4 B (Nauplii larva) 17.5 0.4 0.029
KTy /K % (Acartia pacifica) 45 0.60 0.318

%7 i )2 78 7K & (Tortanus spinicaudatus) 10 0.2 0.024
18 A2 275 JB 4 s (Nawplii larva) 10 0.40 0.047
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Figure 6. Horizontal distribution of Zooplankton abundance in the survey sea
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Figure 7. Horizontal distribution of Zooplankton biomass in the survey sea
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Figure 8. Zooplankton diversity index in the survey area
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