Characterization of seafood processing wastewater; processing procedures and physicochemical variability
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[bookmark: _Hlk186816579]Table S1: Physicochemical composition across five seafood processing stages
	[bookmark: _Hlk186816628]Stages
	Parameter
	Mean
	Median
	SD
	MIN
	MAX
	N (number) count

	Stage1
	pH

	7.35
	7.2
	0.79
	5.76
	9
	12

	Stage2
	
	7.74
	7.32
	2.26
	5.5
	13.7
	12

	Stage3
	
	6.52
	6.48
	0.91
	3.99
	8.25
	21

	Stage4
	
	6.88
	7
	1
	5.41
	9.40
	13

	Stage5
	
	7.17
	7.39
	0.92
	4.10
	9.11
	33

	Stage1
	T (OC)
	17
	19
	7.38
	8
	26
	5

	Stage2
	
	20.3
	20.3
	
	20.3
	20.3
	1

	Stage3
	
	21
	21
	
	21
	21
	1

	Stage4
	
	16.23
	20.30
	13.28
	1.40
	27
	3

	Stage5
	
	23.75
	23.75
	7.42
	18.50
	29
	2

	Stage1
	BOD (mg/L)
	1203.91
	
	1206.84
	8
	3500
	11

	Stage2
	
	2175.45
	1153
	2207.3
	856.7
	6500
	6

	Stage3
	
	3626.5
	1547.5
	5831.95
	179
	19200
	10

	Stage4
	
	651.98
	217
	1001.56
	43.80
	2932
	8

	Stage5
	
	873.06
	683
	870.95
	41.20
	3000
	21

	Stage1
	TCOD (mg/L)

	1700.44
	1347.30
	1664.57
	25
	4905
	11

	Stage2
	
	2725.27
	2253
	1954.11
	165
	7644
	12

	Stage3
	
	7881.72
	4237.5
	7531.9
	332
	21821
	18

	Stage4
	
	1425.05
	922
	1943.24
	110
	6900
	11

	Stage5
	
	1988.98
	1510
	1724.06
	87.66
	7680
	38

	Stage1
	SCOD (mg/L)
	
	
	
	
	
	

	Stage2
	
	
	
	
	
	
	

	Stage3
	
	11567.4
	12186
	6731.72
	1380
	21000
	6

	Stage4
	
	943.70
	943.70
	617.02
	507.40
	1380
	2

	Stage5
	
	696.30
	645
	589.73
	133.90
	1310
	3

	Stage1
	DO (mg/L)

	5.50
	5.50
	
	5.50
	5.50
	1

	Stage2
	
	4.95
	4.95
	0.07071
	4.9
	5
	2

	Stage3
	
	
	
	
	
	
	

	Stage4
	
	4.94
	4.93
	0.15
	4.80
	5.10
	3

	Stage5
	
	
	
	
	
	
	

	Stage1
	TS (mg/L)
	2727.27
	3035.90
	1236.19
	1366
	3779.90
	3

	Stage2
	
	2953.39
	1994.75
	3943.8
	165
	12400
	8

	Stage3
	
	
	
	
	
	
	

	Stage4
	
	2482.80
	1290
	3604.55
	346
	8865
	5

	Stage5
	
	2514.50
	2204
	1423.08
	1200
	4450
	4

	Stage1
	TSS (mg/L)
	419.20
	324
	274.34
	89
	881
	11

	Stage2
	
	1301.68
	572.5
	2168.87
	125.6
	6962
	9

	Stage3
	
	2191.11
	1050
	2777.3
	27.2
	9407
	11

	Stage4
	
	280.93
	170
	314.94
	54.40
	1050
	9

	Stage5
	
	363.77
	192
	352.85
	27.33
	1350
	18

	Stage1
	TDS (mg/L)
	2819
	1136
	3784.75
	141
	10105
	7

	Stage2
	
	2583.64
	1606
	2525.05
	60
	6060
	7

	Stage3
	
	68.6
	68.6
	58.5484
	27.2
	110
	2

	Stage4
	
	381.57
	280
	361.32
	54.40
	1090
	6

	Stage5
	
	4421.50
	4212.50
	3530.29
	150
	9600
	6

	Stage1
	SS (ml/L)


	2.50
	2.50
	
	2.50
	2.50
	1

	Stage2
	
	31.5667
	3.2
	49.3058
	3
	88.5
	3

	Stage3
	
	429.175
	400
	186.842
	256.7
	660
	4

	Stage4
	
	1.17
	0.50
	1.15
	0.50
	2.50
	3

	Stage5
	
	1682.98
	820
	2216.31
	75.20
	5410
	5

	Stage1
	TVS (mg/L)

	916
	916
	
	916
	916
	1

	Stage2
	
	1580
	1580
	1104.5
	799
	2361
	2

	Stage3
	
	2600
	2600
	
	2600
	2600
	1

	Stage4
	
	1266.50
	615
	1649.73
	166
	3670
	4

	Stage5
	
	2150
	2150
	
	2150
	2150
	1

	Stage1
	VSS (mg/L)
	315
	315
	
	315
	315
	1

	Stage2
	
	
	
	
	
	
	

	Stage3
	
	910.05
	834
	697.47
	172.2
	1800
	4

	Stage4
	
	213
	213
	
	213
	213
	1

	Stage5
	
	563.68
	382
	522.77
	42.50
	1380
	11

	Stage1
	O&G (mg/L)

	58.88
	10.50
	141.63
	0.17
	409
	8

	Stage2
	
	234.818
	1.1
	520.717
	0.69
	1166.3
	5

	Stage3
	
	1566.53
	1464.1
	832.138
	542
	2841
	6

	Stage4
	
	191.96
	15
	432.82
	0.02
	1166.30
	7

	Stage5
	
	69.85
	34
	68.36
	6.60
	175
	5

	Stage1
	Color (uH)
	38.75
	19.50
	45.28
	10
	106
	4

	Stage2
	
	
	
	
	
	
	

	Stage3
	
	
	
	
	
	
	

	Stage4
	
	23
	23
	9.90
	16
	30
	2

	Stage5
	
	771
	771
	
	771
	771
	1

	Stage1
	Apparent color (mgPt/L)

	194
	194
	
	194
	194
	1

	Stage2
	
	288
	288
	16.9706
	276
	300
	2

	Stage3
	
	
	
	
	
	
	

	Stage4
	
	111.33
	31
	146.12
	23
	280
	3

	Stage5
	
	
	
	
	
	
	

	Stage1
	TN (mg/L)
	241.06
	89
	322.07
	14
	835
	8

	Stage2
	
	421.32
	435
	356.244
	58.3
	813.3
	5

	Stage3
	
	763.357
	987.2
	486.832
	51.3
	1210
	7

	Stage4
	
	282.50
	59
	462.95
	10.80
	1210
	8

	Stage5
	
	200.09
	140
	154.89
	45
	544
	15

	Stage1
	TKN (mg/L)



	535.25
	535.25
	169.35
	415.50
	655
	2

	Stage2
	
	416.533
	433.5
	322.285
	86.1
	730
	3

	Stage3
	
	814.833
	343
	1107.4
	21.5
	2080
	3

	Stage4
	
	165
	165
	
	165
	165
	1

	Stage5
	
	274.57
	206
	258.09
	32.30
	775.11
	7

	Stage1
	NO3- (mg/L)

	25
	25
	
	25
	25
	1

	Stage2
	
	37.5
	53
	28.5963
	4.5
	55
	3

	Stage3
	
	40.3225
	18.895
	54.4407
	2.5
	121
	4

	Stage4
	
	22.38
	12.50
	28.52
	2
	62.50
	4

	Stage5
	
	4.02
	3.28
	3.35
	0.01
	10.76
	10

	Stage1
	NO2- (mg/L)




	0.23
	0.23
	
	0.23
	0.23
	1

	Stage2
	
	0.99
	0.37
	1.49
	0.01
	3.2
	4

	Stage3
	
	2.24
	2.24
	2.21
	0.67
	3.8
	2

	Stage4
	
	0.08
	0.06
	0.08
	0.01
	0.17
	3

	Stage5
	
	2.36
	0.08
	3.75
	
	10.60
	9

	Stage1
	TAN (mg/L)




	15.61
	4
	15.66
	0.04
	36.10
	9

	Stage2
	
	18.0183
	17.225
	12.9837
	3.8
	36.2
	6

	Stage3
	
	254.099
	88.5
	467.203
	0.13
	1780
	14

	Stage4
	
	18.52
	8.18
	25.16
	0.12
	72
	9

	Stage5
	
	272.74
	62.90
	762.74
	0.06
	3383
	19

	Stage1
	TP (mg/L)
	403
	422.50
	362.64
	31
	755.50
	3

	Stage2
	
	118.5
	118.5
	50.9117
	82.5
	154.5
	2

	Stage3
	
	326.871
	54.5
	648.629
	9.5
	1906.87
	8

	Stage4
	
	81
	32
	104.50
	10
	201
	3

	Stage5
	
	71.89
	40
	84.04
	9.50
	247
	13

	Stage1
	PO₄³⁻ (mg/L)




	1.40
	1.40
	
	1.40
	1.40
	1

	Stage2
	
	108.789
	6.9
	208.172
	0.354
	421
	4

	Stage3
	
	513.993
	224.5
	732.288
	11.25
	1595.72
	4

	Stage4
	
	4.93
	1.64
	7.77
	0.06
	16.40
	4

	Stage5
	
	42.77
	11.50
	72.53
	0.04
	203.50
	7

	Stage1
	Salinity (g/L)
	
	
	
	
	
	

	Stage2
	
	0.209
	0.209
	
	0.209
	0.209
	1

	Stage3
	
	48.12
	30
	58.93
	7.41
	152
	5

	Stage4
	
	22.18
	22.18
	11.07
	14.35
	30
	2

	Stage5
	
	18.25
	3.10
	22.94
	0.78
	52.17
	8

	Stage1
	Turbidity (NTU)




	20.71
	22
	17.15
	0.08
	43
	6

	Stage2
	
	62.67
	64.9
	25.9223
	35.7
	87.4
	3

	Stage3
	
	55.35
	55.35
	37.5474
	28.8
	81.9
	2

	Stage4
	
	40.51
	35.70
	27.31
	9.80
	91
	7

	Stage5
	
	153.93
	118.93
	96.23
	56.20
	295
	5

	Stage1
	Total Alkalinity (mg/L)

	318.23
	328
	202.48
	15.30
	555.30
	7

	Stage2
	
	244.74
	205
	242.195
	13.1
	505.5
	5

	Stage3
	
	812.75
	812.75
	830.5
	225.5
	1400
	2

	Stage4
	
	92.70
	15.30
	109.20
	10.10
	223
	5

	Stage5
	
	315.95
	215.50
	262.77
	61
	759.80
	8

	Stage1
	Total Hardness (mg/L)
	54.12
	42
	39.08
	3.60
	104
	5

	Stage2
	
	2.2
	2.2
	1.28
	1.3
	3.1
	2

	Stage3
	
	650
	650
	
	650
	650
	1

	Stage4
	
	126.98
	26.34
	257.22
	3
	650
	6

	Stage5
	
	
	
	
	
	
	

	Stage1
	Conductivity (μS/cm)




	1340.14
	737
	1717.02
	50
	4700
	7

	Stage2
	
	48.5
	48.5
	22.6274
	32.5
	64.5
	2

	Stage3
	
	32138.9
	18000
	49207.9
	4000
	160000
	9

	Stage4
	
	19731.33

	25650

	15503.75

	438
	438

	6

	Stage5
	
	25478.33

	16685

	22235.94

	2800
	62500

	6



[bookmark: _Hlk187854293]Table S2: Elemental composition across five seafood processing stages
	
	
	Mean
	Median
	SD
	MIN
	MAX
	N (number) count

	Stage1
	Cl- (mg/L)




	506.53
	201.5
	637.78
	20
	1874
	8

	Stage2
	
	400.317
	300.95
	380.958
	40.2
	875
	6

	Stage3
	
	3060.69
	3270.5
	1342.07
	1491.77
	4210
	4

	Stage4
	
	1249.37
	28.80
	2998.49
	13.90
	7370
	6

	Stage5
	
	7056.56
	2270.63
	11133
	185
	23500
	4

	Stage1
	F⁻ (mg/L)
	3.55
	3.55
	4.88
	0.10
	7
	2

	Stage2
	
	4.52
	0.75
	7.04
	0.17
	12.65
	3

	Stage3
	
	28.13
	20
	19.57
	13.93
	50.46
	3

	Stage4
	
	0.58
	0.50
	0.29
	0.34
	0.90
	3

	Stage5
	
	2.15
	2.15
	1.91
	0.80
	3.50
	2

	Stage1
	Total aluminium (mg/L)


	0.41
	0.60
	0.31
	0.04
	0.70
	5

	Stage2
	
	0.04
	0.04
	0.01
	0.04
	0.05
	2

	Stage3
	
	
	
	
	
	
	

	Stage4
	
	0.11
	0.02
	0.14
	0.01
	0.30
	5

	Stage5
	
	
	
	
	
	
	

	Stage1
	SO₄² (mg/L)




	3
	3
	2.40
	1.30
	4.70
	2

	Stage2
	
	2.33333
	2.3
	0.25166
	2.1
	2.6
	3

	Stage3
	
	696.933
	214
	962.5
	8
	2400
	6

	Stage4
	
	251.86
	2.80
	498.76
	1.83
	1000
	4

	Stage5
	
	36.32
	6.30
	57.04
	0.55
	102.10
	3

	Stage1
	Na+ (mg/L)
	
	
	
	
	
	

	Stage2
	
	334.3
	334.3
	
	334.3
	334.3
	1

	Stage3
	
	2357.1
	2770
	2178.89
	1.3
	4300
	3

	Stage4
	
	4655.50
	4655.50
	587.61
	4240
	5071
	2

	Stage5
	
	241.03
	241.03
	108.72
	164.15
	317.90
	2

	Stage1
	Ca2+ (mg/L)
	
	
	
	
	
	

	Stage2
	
	4.65
	4.65
	
	4.65
	4.65
	1

	Stage3
	
	74.5
	74.5
	
	74.5
	74.5
	1

	Stage4
	
	
	
	
	
	
	

	Stage5
	
	36.81
	23.93
	37.85
	7.30
	92.08
	4

	Stage1
	K+ (mg/L)
	
	
	
	
	
	

	Stage2
	
	135.45
	135.45
	
	135.45
	135.45
	1

	Stage3
	
	592.55
	592.55
	307.521
	375.1
	810
	2

	Stage4
	
	
	
	
	
	
	

	Stage5
	
	41.85
	41.85
	6.43
	37.30
	46.40
	2

	Stage1
	Mg2+ (mg/L)
	
	
	
	
	
	

	Stage2
	
	11.6
	11.6
	
	11.6
	11.6
	1

	Stage3
	
	158.49
	158.49
	171.841
	36.98
	280
	2

	Stage4
	
	
	
	
	
	
	

	Stage5
	
	11.42
	14.01
	9.69
	0.70
	19.55
	3

	Stage1
	Fe (mg/L)

	0.25
	0.25
	
	0.25
	0.25
	1

	Stage2
	
	0.381
	0.381
	0.01697
	0.369
	0.393
	2

	Stage3
	
	
	
	
	
	
	

	Stage4
	
	0.06
	0.04
	0.05
	0.04
	0.12
	3

	Stage5
	
	
	
	
	
	
	

	Stage1
	Zn (mg/L)

	0.07
	0.07
	
	0.07
	0.07
	1

	Stage2
	
	0.135
	0.135
	0.14849
	0.03
	0.24
	2

	Stage3
	
	
	
	
	
	
	

	Stage4
	
	0.14
	0.14
	
	0.13
	0.14
	3

	Stage5
	
	
	
	
	
	
	

	Stage1
	Cr (mg/L)

	0.12
	0.12
	
	0.12
	0.12
	1

	Stage2
	
	0.2
	0.2
	0.07
	0.15
	0.25
	2

	Stage3
	
	
	
	
	
	
	

	Stage4
	
	0.09
	0.06
	0.10
	0.01
	0.20
	3

	Stage5
	
	
	
	
	
	
	



Table S3: Biochemical composition across five seafood processing stages
	
	
	Mean
	Median
	SD
	MIN
	MAX
	N (number) count

	Stage1
	Total soluble Lowry-protein (g/L)
	2.81
	2.81
	
	2.81
	2.81
	1

	Stage2
	
	3.66
	3.66
	
	3.66
	3.66
	1

	Stage3
	
	3400
	345
	288.27
	3090
	3660
	3

	Stage4
	
	0.13
	0.13
	
	0.13
	0.13
	1

	Stage5
	
	
	
	
	
	
	

	Stage1
	VFA (mg/L)



	3.55
	3.55
	4.88
	0.10
	7
	2

	Stage2
	
	2704
	2704
	
	2704
	2704
	1

	Stage3
	
	2049.70
	2056.90
	1967.17
	25
	4060
	4

	Stage4
	
	169.70
	169.70
	
	169.70
	169.7
	1

	Stage5
	
	210.51
	125.50
	231.16
	58
	761
	8

	Stage1
	O&G (mg/L)



	58.88
	10.50
	141.63
	0.17
	409
	8

	Stage2
	
	234.82
	1.10
	520.72
	0.69
	1166.3
	5

	Stage3
	
	1566.53
	1464.1
	832.14
	542
	2841
	6

	Stage4
	
	191.96
	15
	432.82
	0.02
	1166.3
	7

	Stage5
	
	69.85
	34
	68.36
	6.6
	175
	5





Figure S1: Sources of SPW. NA stands for not identified. Numbers in the pie chart refer to the number of case studies reporting on wastewater from a particular group of species.


[bookmark: _Hlk179550940]Figure S2: Total Phosphorus (TP) & Orthophosphate (PO43- ) concentrations (mg/L) across the five seafood processing stages. Median, upper and lower quartiles, minimum and maximum values and outliers are shown. Different letters indicate significant differences between stages. Number of data (count) for each stage: for TP, Stage 1 = 3, Stage 2 = 2, Stage 3 = 8, Stage 4 = 3 and Stage 5 = 13. For PO43-, Stage 1 = 1, Stage 2 = 4, Stage 3 = 4, Stage 4 = 4 and Stage 5 = 7.


Figure S3: Turbidity concentration (NTU) across the five seafood processing stages. Median, upper and lower quartiles, minimum and maximum values and outliers are shown. Different letters indicate significant differences between stages. Number of references (count) for each Stage: Stage 1 = 6, Stage 2 = 3, Stage 3 = 2, Stage 4 = 7 and Stage 5 = 5. 


Figure S4: Conductivity (μS/cm) across the five seafood processing stages. Median, upper and lower quartiles, minimum and maximum values and outliers are shown. Different letters indicate significant differences between stages.  Number of references (count) for each Stage: stage 1 = 7, Stage 2 = 2, Stage 3 = 9, Stage 4 = 5 and Stage 5 = 6. 
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