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implications for seawater desalination

Abdullah H.A. Dehwaha,b, Donald M. Andersonc, Sheng Lia,d,e, Francis L. Mallonf, Zenon 
Batangf, Abdullah H. Alshahria, Seneshaw Tsegayeg, Michael Hegyh, Thomas M. Missimerh,*
aWater Desalination and Reuse Center (WDRC), Biological and Environmental Science and Engineering (BESE),  
King Abdullah University of Science and Technology (KAUST), Thuwal 23955-6900, Saudi Arabia 
bDesalination Technologies Research Institute (DTRI), Saline Water Conversion Corporation (SWCC), P.O. Box: 8328,  
Al-Jubail 31951, Saudi Arabia 
cBiology Department, Woods Hole Oceanographic Institution, Woods Hole, MA 02543, USA 
dGuangzhou Institute of Advanced Technology, CAS, Haibin Road #1121, Nansha District, Guangzhou 511458, China 
eQingdao Yonglixing Water Purification Technology Ltd. Company, Room 605, Building B, Miaoling Road #36, Laoshan District, 
Qingdao, China 
fCoastal and Marine Resources Core Laboratory, King Abdullah University of Science and Technology (KAUST),  
Thuwal 23955-6900, Saudi Arabia 
gDepartment of Environmental and Civil Engineering, U.A. Whitake College of Engineering, 10501 FGCU Boulevard,  
Fort Myers, FL 33965-6565, USA 
hEmergent Technologies Institute, U.A. Whitaker College of Engineering, 16301 Innovation Lane, Fort Myers, FL 33913, USA, 
email: tmissimer@fgcu.edu (T.M. Missimer)

Received 19 February 2020; Accepted 7 April 2020

a b s t r a c t
Binding of particulate and dissolved organic matter in the water column by marine gels allows the 
sinking and cycling of organic matter into the deeper water of the Red Sea and other marine water 
bodies. A series of four offshore profiles were made at which concentrations of bacteria, algae, particu-
late transparent exopolymer particles (p-TEP), colloidal transparent exopolymer particles (c-TEP), and 
the fractions of natural organic matter (NOM), including biopolymers, humic substances, building 
blocks, low molecular weight (LMW) neutrals, and LMW acids were measured to depths ranging from 
90 to 300 m. It was found that a statistically-significant relationship occurs between the concentrations 
of p-TEP with bacteria and algae, but not with total organic carbon (TOC) in the offshore profiles. 
Variation in the biopolymer fraction of NOM in relationship to TEP and bacteria suggests that extra-
cellular discharges of polysaccharides and proteins from the bacteria and algae are occurring without 
immediate abiotic assembly into p-TEP. In the water column below the photic zone, TOC, bacteria, 
and biopolymers show a generally common rate of reduction in concentration, but p-TEP decreases 
at a diminished rate, showing that it persists in moving organic carbon deeper into the water column 
despite consumption by bacteria. The data presented herein are the first to link TEP concentrations 
in the Red Sea with the fractions of NOM as measured using liquid chromatography organic carbon 
detection (LCOCD) technology. The oceanographic and water quality investigations show the sea-
water used for reverse osmosis desalination from the nearshore or offshore would yield nearly equal 
treatment challenges. Use of deep water intake systems to obtain seawater with reduced p-TEP and 
bacteria concentrations would not significantly impact treatment if it would be feasible which is not.
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