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Fig.1 Surveyed sites in the central region of the Bohai Sea
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Tab.1 Water pollution degrees based on the Nemerow pollution index
154K IERGE B I B PEETS YV HEHRV
Pollution degree Clean Relatively clean Mild pollution Moderate pollution Severe pollution
P P<0.6 0.6<P<1.0 1<P=<2.6 2.6<P<5 P>5
*2 BEUEEFRUIEMEXWTERRHXIS
Tab.2 The classification of the nutrient level by using the potential eutrophication assessment model
= . =
29 Level B IR Nutrient salt level LA AL RBELL
IN (ng/L) IP (ng/L) N/P
I % E % Poor nutrient <200 <30 8-30
I 75 4% Medium nutrient 200-300 30-45 8-30
Il 4% Rich nutrient >300 >45 8-30
R v B
_ >
Ve Medium nutrient with phosphorous limiting 200-300 / 30
Ky AL Tk A b B
e PRSI R R . >300 / 30-60
Potential eutrophication with medium phosphorous limiting
) Tk e R
VI IR e i e _— >300 / >60
Potential eutrophication with phosphorous limiting
i A
IV RABURIRECAT . / 30-45 <8
Medium nutrient with nitrogen limiting
v, REREmemmgE / s e
Potential eutrophication with medium nitrogen limiting

Potential eutrophication with nitrogen limiting

x3 NEBFHEBOIENEKRENER

Tab.3 Evaluation results of the water quality by using the Nemerow pollution index

¥hi{ Stations

FJZ/KIK Surface water 10 m JZ/K{& 10 m water JiEJZ7K & Bottom water

P 252 Pollution degree P Z£49% Pollution degree P 2549 Pollution degree
1 0.38 | 0.31 I 0.31 I
2 0.36 I 0.52 | 0.38 |
3 0.32 I 0.33 I 0.62 I
4 1.83 Il| 1.15 m 0.49 I
5 2.99 v 0.42 | 0.63 I
6 0.56 I 0.89 I 0.60 I
7 0.73 I 0.45 | 0.41 |
8 0.57 I 0.59 | 0.58 |
9 0.27 I 0.50 I 1.32 I
10 0.74 I 0.39 | 0.40 |
11 1.52 Il| 0.37 I 0.45 I
12 1.52 I 0.48 I 2.67 v
13 2.43 Il| 2.08 m 0.51 I
14 1.84 Il| 2.39 m 1.67 m
15 2.82 v 3.82 v 0.54 I
16 1.30 Il| 0.27 I 0.30 I
17 0.87 I 1.97 I 5.48 Vv
18 1.17 Il| 2.39 m 0.41 |
19 1.17 Il| 2.03 m 0.85 I
20 2.04 Il| 2.42 m 2.66 v
21 2.69 v 0.57 | 0.56 |
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BB AR Tl AU DX K SR R 2 B I R S 1A 11

BY K, 12, 20 Suifi KA BTG YK, 9.
14 5 2 DN ACAR TS YKF . oL eT WL, B
S T B 2 K AR TS e o B R A il 7 Y
57.1%, Zi594H) 10 m 2K RSO H ik 2] 33.3%,
2K SZ 5 G Ly 23.8%, Hir, 2 10m 2.
JEJZ AR E R G Gl A LB oA 14.3% . 4.8% .
14.3%.

TG Gl 5 A R T, e R A2 TE Y X 32 B
T ENETS | SEINTE | AL ARVETE O &, AL )
VIR, VH YRR, B R W IDVAE 40 4%
ST NI, 1 B4R I ORI AT B TR ML K
A TG K S A A R A F Y B A, BT B0
VST (RS 7 75 YRR P B, R 2E 9 (2010) & B, 3D
ZRIBILER 10 m RN 80% L) FKIZE4E .
LRG0T TR ZK S8 TE AL R A i 2™ B AR o
Rl TR A . FREEM . ARAE i L S TR T R i I
W5 Y TR, o Rl RS e i S e
YRR B 1 L (E B RS, 2006).

TERTA TG G, 15 Y DOk AR B f v ) S i 2
(F 4), RIZWAKA ISR SE PR 715 Y HR 5L

KF DN 57.1%, 10 m JZ ., JEZHEAKLIHEHERR
R 42.9% . 14.3%, Forulifi A S i B
U CHEKOK BibRifE ) (GB3097-1997) =K brifE, £
28RV Yl DX 3k 32 AR rp oA R A DR PR RS, B
A B AME T, i HL AR MV S s, A
FE“19-373M H . #he34-2/47 3 L 7RI X B, )&
19-3 71 FH i 91175 e d Ay 7™ 7 04 X3, R T 7 32 8 A X
A Y T B (2006)F 5T & B,
TR KA A I 2 B e SV K TR B s o Y 3l S
HoBilik 34.2%, HAF- YR EE TR b E i . B
TR A AT 25 Y i) EEORTR, BT He Bl
84% ., FXTFREIRHEBCM S, WA TS T 5
BEE] 67%, =T EhE T R HES DA

T A 2 B BRI, KRS RE s, BR
[) Y 5 8 B T MR 25 5K o SN | RS | AL ARV
Hh i S A R K R A 4 W 3 i 0.5 a, 300d. 3 a,
1.5 a (BREESE, 2002), XULIEEESE 19-3 11 FH B3 v 3
KIS Y A — N IR A . RO, FETCAM AR IR R
MO RSB R, ZEFE 19-3 3 36 i %ok LR S v B )
S B R e e K ]

®4 BETFSRERTESR

Tab.4 Evaluation results of the water quality by using single-factor contaminant index

F 2K Surface water

10 m JZ7K{& 10 m water

JiE)JZ/K/& Bottom water

Wi
;ﬁ; EERIHEN 112 FEE EERIHEN 112 P {E EERIHEN 112 P {H
TPHs Range Average TPHs Range Average TPHs Range Average
1 0.33 0-0.52 0.15 0.41 0-0.41 0.16 0.41 0-0.41 0.17
2 0.46 0-0.48 0.18 0.71 0-0.71 0.20 0.38 0.01-0.49 0.21
3 0.42 0-0.43 0.14 0.30 0-0.43 0.17 0.38 0.02-0.83 0.27
4 2.57 0-2.57 0.37 1.59 0.02-1.59 0.30 0.23 0-0.65 0.23
5 4.20 0-4.20 0.52 0.48 0-0.52 0.28 0.35 0-0.83 0.34
6 0.28 0-0.74 0.30 1.21 0.01-1.21 0.34 0.23 0-0.80 0.28
7 1.00 0-1.00 0.25 0.50 0-0.58 0.25 0.33 0-0.54 0.22
8 0.78 0-0.78 0.20 0.77 0.01-0.77 0.30 0.74 0-0.78 0.26
9 0.28 0-0.34 0.18 0.19 0-0.69 0.17 1.82 0-1.82 0.37
10 1.01 0-1.01 0.27 0.21 0-0.50 0.22 0.38 0-0.51 0.25
11 2.11 0-2.11 0.41 0.34 0-0.49 0.17 0.61 0-0.61 0.17
12 2.11 0-2.11 0.38 0.33 0-0.64 0.22 0.23 0-3.74 0.48
13 2.19 0-3.38 0.62 2.89 0-2.89 0.50 0.67 0-0.67 0.26
14 2.54 0-2.54 0.58 3.35 0-3.35 0.45 2.32 0-2.32 0.47
15 0.46 0-3.94 0.56 5.36 0.02-5.36 0.67 0.71 0-0.71 0.27
16 1.80 0-1.80 0.34 0.26 0-0.36 0.12 0.20 0-0.39 0.15
17 0.29 0-1.16 0.41 2.74 0-2.74 0.51 0.44 0-7.69 0.99
18 1.61 0-1.61 0.38 3.35 0-3.35 0.47 0.29 0-0.55 0.17
19 0.42 0-1.62 0.32 2.82 0.05-2.82 0.55 0.83 0-1.10 0.47
20 2.86 0-2.86 0.44 3.35 0.01-3.35 0.68 3.71 0-3.71 0.67
21 3.75 0-3.75 0.58 0.70 0-0.74 0.31 0.39 0-0.71 0.36
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AR R 13 Suhi KR El> 1, B3
BHEFAARE 10 m 2 RBKE P TG s EI< 1,
RIARZRIL & 5 2K o A2 385 B bR 4L
KE, RZ>10m JZ>IK)ZE, RIZKEE 10m 2| K
EHEAY N E R NENHEXECRE, A
WS R BEEAC, AR EE Rk, B
B 17K 3l 1 i 3 FEE I B i it 4 SO i i # (.
EMREE, 2006), 2GR A 32 T ML AL 1 122 75 4
i E SRR AR R IR B A O A R
S DL 2] T8 1 1A S i 2 H X, AT S5 B0 A AR 1Y
B ISR RO VR T 1 X3 ) r R K et ek ) 43 A
FRAE . BRI S5 (2003 )38 o0 X1 VR A P A W AR L
BT B, Bl R A A H 2 52 e Jmy A K USSR
i, IR E B AR AR R A E SRR,
it S Sl K T PR A R A

x5 BBPHMAKEEBEEEEERUITEMNER
Tab.5 Assessment results of the potential eutrophication of
waters in the central region of the Bohai Sea

& B FR1LIEH Eutrophication index

Styjtifjns RIZKIE 10 m 2Kk JREKKEK
Surface water 10 m water Bottom water
1 0.03 0.12 0.22
2 0.10 0.16 0.16
3 0.01 0.05 0.08
4 0.16 0.08 0.16
5 0.27 0.24 0.14
6 0.46 0.23 0.06
7 0.08 0.07 0.12
8 0.02 0.18 0.08
9 0.17 0.37 0.20
10 0.38 0.14 0.18
11 0.22 0.14 0.02
12 0.15 0.25 0.35
13 2.78 0.27 0.20
14 0.27 0.07 0.04
15 0.19 0.34 0.12
16 0.22 0.03 0.11
17 0.40 0.09 0.09
18 0.24 0.17 0.06
19 0.21 0.38 0.40
20 0.14 0.24 0.25
21 0.29 0.61 0.85
ij:fe 0.32 0.20 0.19

23 BighEEEEEEEERUITMN

PR A g 2 AR R BRI, R A — 3843 8 3l A
Xt . He b, TR R O 2 AR A K s TR AL AR
FE BT, RN & E K 2R, BF5E k3,
TR A BESE o S R AL, ML R . N
I, B IR ER B A T LADACA SR T K R & SR
BT 46, F B ARAF(1998) KX Fh IR AR N1
FEMEE B IR . MoK IR A BE LB H2E Redfield {H
(N/P=16) (Redfield, 1958)fF, H:A RN & & FR T L
ML ELLAT o PR ES SR 6) R, Ehif gl 13
SO R R E E SR, 4. 13215, 1921 &
7 A7 A TR R P B SRR, HARRIZ KR
LA TFE TR, 10m ZEKI 4. 5. 7. 17-19,
21 %5 7 DA BERR S P R E SRR, KR K
4-6. 15, 18, 20 5 6 Nyl W FR il b BEE TR,
A A X5 R B8 FRRAS o i rp S A 1
PR 2K R AR HNE AR B R, 5 20 4t 90 4
FRAF (T ENIAE, 2000), ZUBRE ARG IELEZE A RS

N/P (A A K S SRR G50 I B 25 b, 38 5 LA
Redfield {f T e i X 038 BLAE . 20 42 60-80 44X
T, KR N/P E4ERETE 3 A4y 5 20 22 90 4F
Frhi, N/P H AR Z S A AN T Redfield H{H
(FAEPREE, 2006), Bz i TCHLE & 2 3,
N/P {E AP T = I 44 Redfield {H, 801 BER
filo AT LI, WGP IEEEE NP FESN
24, 10 m 2 5)KJZ N/P FIE 500 24 F1 21, Xl
ENAIE T i v 3 A N/P T 20 4E K AR | TF
AT ENISE, 2000), 325l FEHLA R T B
o 3 20 45(1982-1999 4F)k, Bhifs KB . .
RERERVE Y AR T WAk, THLEWRETH =, ik
PR T P R R v B A, DT S B R LU T
RERLAE T (T S NI4E, 2000), il ol i del 8 55
ERahk, IE R A S ek Rkl | BRI . AR
A X e IR A B o) v T R RS B A LA 3K
HAIER T X —

3 #ig

3 3k P A 2 i B X i v S Ve S K PR o
TGN R, RIZ. 10m 2| JEEZI5 Y0
B3N 57.1% . 33.3%. 23.8%, fiiliZEioyee 35
W, WAL ER, Zi5Yulii FEEPIERFAX
BT R ES, A UK BT MR R . TSR “19-379
I BF 30 VSl K A T Yo S e v, Aihis e g
YRR B L, K PR O 5 3 TR R K
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Tab.6 Assessment results of the N/P ratio of waters in the central region of the Bohai Sea

DA FRJZIKIK Surface water 10 m JZ/K{& 10 m water JIRJZ/K4K Bottom water
Stations AL N/P %54 Pollution degree &ML N/P %54% Pollution degree  Z Wik N/P Z54% Pollution degree

1 13 I 24 | 22 I
2 16 I 19 1 12 I
3 5 I 15 | 25 I

4 31 vV, 41 I\ 31 I\

5 21 I 47 vV, 42 Vi

6 9 I 16 | 3 Vi
7 28 I 40 Vp 16 I
8 7 I 1 9 I
9 18 I 1 26 I
10 14 I I 19 I
11 9 I 14 | 1 I
12 30 I 11 | 18 I
13 3 Viy 12 1 13 I
14 46 Vp 39 v 15 I

15 40 |\ 21 | 32 |\
16 10 I 6 I 13 I
17 18 I 32 I\ 22 I

18 28 I 35 NV, 32 I\
19 49 Vp 35 Vp 26 I

20 46 Vp 29 1 34 Vp
21 58 |\ 37 |\ 25 I
if:fe 24 I 24 | 21 I

T H S A 2 2R T AT i B

RO B E AR, BRERIE 13 Sk
gk, RZ. 10 m 2. JREEKE EFRREFELEL
BUNF 1. &2 B RREEEORE, £Z>10 m
E>RE, RIZKEEES I E EFR,

2 JHR 53 HF AR LU (B = T Redfield LUAE, Ab T
FUE TR o Wi R v 3uk SRR o AR R B A 7R B A
A5 PR B LS TE o A R BB R G B, R SR
ER LI C 2T bR A8 i B o v B3 TR A
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Assessment of Environmental Water Quality in the
Central Region of the Bohai Sea in Summer

XU Yong'?, QU Keming'"”, ZHAO Jun', CUI Zhengguo', XIA Bin'

(1. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture, Shandong Province Key Laboratory
of Fishery Resources and Eco-environment, Yellow Sea Fisheries Institute,
Chinese Academy of Fishery Sciences, Qingdao  266071;
2. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100)

Abstract Based on the investigation data from 21 sampling stations in the central region of the Bohai
Sea in 2012, and by using Nemerow index, eutrophication index (EI), and potential eutrophication
assessment model, an assessment was conducted on the environmental quality of water body in the Bohai
Sea area. According to the Nemerow index assessment on the 12 indicators including pH, dissolved
oxygen (DO), dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorous (DIP), chemical
oxygen demand (COD), total petroleum hydrocarbons (TPHs), Cu, Zn, Pb, Cd, Hg, and As, 57.1% of the
surface water quality was at slight pollution level or more serious pollution level, 33.3% of the ten meter
water quality was at slight and moderate pollution level, 23.8% of the bottom water quality was at slight
or more serious pollution level. TPHs was the most important factor in all the contamination factors.
Among the 21 surface sea water samples, 12 (corresponding to 57.1%) were above the second marine
water quality standards when evaluated with single factor index method. The standard-exceeding rates of
ten-meter water and bottom water were 42.9% and 14.3% respectively. The polluted area was located in
the southeast of survey area, next to the Bohai Bay and the Laizhou Bay. The horizontal distribution of sea
water quality showed an increasing trend from the coastal area to the middle area. The sea water EI value
of the central region of the Bohai Sea except 13 stations in the surface water was less than 1, the results
showed that most of the seawater quality in the investigated area was at the poorly eutrophication level.
The ratios of N/P in most of the sea water were much higher than Redfield ratios, and the situation of
nitrogen limiting in the central Bohai Sea was gradually changing to that of relative lack of phosphate.
The nutrients structure has changed into potential eutrophication of phosphorus limiting.

Key words  Central region of Bohai Sea; Water quality; Environmental quality assessment; Eutrophication
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