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Experimental Study on the Relationship between Attenuation Coefficient of
Blue-green Laser Transmission and the Water Turbidity

DING Kun, HUANG You-wei, JIN Wei-qi, JIN Kai-jia, LI Hai-lan
(Ministry of Education Key Laboratory of Photoelectronic Imaging Technology and System, School of Optoelectronics,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: Attenuation coefficient and turbidity are two important parameters to describe the optical
properties of water. Researching the relationship between them is not only beneficial for the understanding of
the attenuation characteristics of underwater light transmission, but also the research and application needs of
the underwater photoelectronic imaging technology. In this paper, six different diameters of CaCOj; particles
and one kind of SiO, particles are selected as the suspended solids; the relationship between the attenuation
coefficient of the water mixed with suspension and the turbidity is analyzed quantitatively; the impact of the
particle diameter and the refractive index on this relationship is also discussed. The experimental results show
that there is a good linear relationship between attenuation coefficient and turbidity. For the same kind of
suspended solid, the slope of the linear fit and the logarithm of the particle diameter have a good linear
relationship, as well as the fitting intercept and the particle diameter. For different kinds of suspended solids,
the refractive index has a great impact on the fitting slope, which leads to difficulty to obtain the universal
equation of attenuation coefficient directly calculated from the measurements of the turbidity.

Key words: attenuation coefficient, water turbidity, suspension, particle diameter of suspended solids,
refractive index
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Fig.1 Schematic diagram of a simple attenuation meter
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Fig.4 The diametrical distributions for different particles
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Table 1 The measured attenuation coefficients and turbidities for suspensions with particles of different diameters

Fi4%2/um ME/NTU TWAL/m ' | Kif%/um ME/NTU R RS /m ™!
0.59 0.14 2.12 0.63
0.85 0.26 3.73 1.22
1.09 0.43 5.89 1.85
1.15 0.48 6.72 227
1.32 0.56 8.33 2.57
0.61 13.09
1.49 0.65 9.47 2.95
1.70 0.76 10.60 3.36
1.92 0.86 11.08 3.53
2.04 0.96
2.24 1.04
0.55 0.15 1.98 0.72
0.91 0.32 3.56 1.22
1.57 0.65 531 2.00
227 0.97 6.79 2.40
276 2.98 1.33 1804 8.32 2.86
3.97 1.67 9.41 3.37
4.69 2.04 11.60 3.89
5.38 2.31 13.23 433
1.83 0.58 2.15 0.74
321 1.05 3.70 1.28
5.04 1.58 5.30 1.86
i 6.94 2.08 237 6.51 221
8.49 2.58 7.89 2.59
9.84 2.97 11.50 3.50
10.48 3.30 12.01 372
11.30 3.60
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Table 2 The linear fitting parameters for attenuation

coefficients vs. turbidities

Diam./um Slope Intercept R?

0.614 0.5505 0.1764  0.9971
2.756 0.4474 0.0687  0.9979
14.32 0.3095 —0.0084  0.9967
13.09 0.3159 —0.01 0.9957
18.04 0.3247 —0.155 0.9937
2237 0.2929 —0.2199  0.9947

Bl 7 RW1, LA R SR A o AT
IR R . NI R G AR R R, &
JR R O 2R 1R S AT AT REELHG LA R Y5 T . (Dl
I PP AR A PRALE T Bl AR G R B TR i S

470

BWOOCHR IR IR R R, TR K
THOLT,  TEUR N B N A T S R e 2
SR E FOM NSRS A A A8, i
PR E D SEPRIEE R, BN MESIARS
WwZE. (AR T AT IR H L E A
[l R 8CRL TR e ORI 5 e ke i s A4 5
TMASSAE HZRIRR . QAR B R, h
TARNG T3 B SOk 1 ZE TR /K S IR BN DA
b g2, nTREIE I 5 b i 2 A AN ) o
PR A S5 o S R B e S KA A B AR A o

0.6
05 \

i e Ra

03 <

Slope

02

035 5 30
Particle Diam. (um)

K6 ZMMAREGRANLR (R7=09861)
Fig.6 Linear fitting slope vs. particle diam.

02

0.1 \
.

2 0 L
]
&2
E a1 \'\

02

e
03
0 5 10 15 20 25

Particle Diam. (um)
K7 AEG A SRR G R

Fig.7 Linear fitting intercept vs. particle diam.
4 RIS R0

BRRLARAN, AR RPN T 5 5 22 St
SRR S M E LS RN EERN R
CaCO; ORISR 1.59, A T /3 Hrdfrit &
(sgmd, 301k R AR E AR E FE A R Sio, ok
S22LS HEAT T HINAIE: (Si0, A% K 1.45). K
8 Z i TR A, IS FIIRAE R 5.354 um.,

DL SO, Ay Ak 7 Joill 45 11— 2 s ok R AR il A
Kol e LA S8 T-3£ 3 . G THA T
Fifd ok 5.354 um (¥ CaCOs TORLFT T N L& b
214 0.3932. RIFEIZAHIEDRIAE T, SiO, SRR R
L1 CaCO; ORI RN R 1) 8 £, AT LLE . ok i

Vol.35 No.8
Aug. 2013



F35% Fe

2013 4E 8 TOHEAE: KN BERBEOCARE ) AR B KR R ) SR BT

Vol.35 No. 8
Aug. 2013

ISR AR A WL IS RIS, & il
RS AN, FLRER NP B Gt A
A LT, W TR URLAR AN S AR [R] (P R 7
B ERTF A ST AN, R R I AR Kot
K, B 90°T5 ) S G R4 0] s B OR o TR Tk
T IORLAR ML YR B0 7 P P ol s v, BV o
SRS, FOR N TN, BRI 90077 1] HILH D't
(RIS 5 EE AN o

9

: [\
; I
g, [l
I
2 [1]
: [
1 JHHLVAYAV
: — L+ \

Particle Diam. (um)

K8 S22LS SiO, Tk kAR 43 A
Fig.8 The diametrical distribution for SiO,

K3 SO, BRI R AN LG S5
Table 3 Attenuation coefs. and turbidities and their linear

fitting parameters for SiO,

DR 13 FEINFREL 5
i Slope Intercept R
/um /NTU /m
0.16 0.20
0.26 0.45
0.36 0.77
0.48 1.09
5.354 3.03 0.3309  0.999
0.57 1.37
0.66 1.65
0.78 2.01
0.97 2.63
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